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THE CHARGED KAON MASS
Revised 1994 by T.G. Trippe (LBNL).

The average of the six charged kaon mass measurements

which we use in the Particle Listings is
mp+ = 493.677 £ 0.013 MeV (S = 24) (1)

where the error has been increased by the scale factor S.
The large scale factor indicates a serious disagreement between

different input data. The average before scaling the error is

my+ = 493.677 £ 0.005 MeV

x> = 22.9 for 5 D.F., Prob. = 0.04% , (2)

where the high y? and correspondingly low y? probability
further quantify the disagreement.
The main disagreement is between the two most recent and

precise results,

mp+ =493.696 £ 0.007 MeV DENISOV 91

M+ =493.636 & 0.011 MeV (S = 1.5) GALL 88

Average =493.679 4+ 0.006 MeV

x? =21.2 for 1 D.F., Prob. = 0.0004% , (3)

both of which are measurements of x-ray energies from kaonic
atoms. Comparing the average in Eq. (3) with the overall
average in Eq. (2), it is clear that DENISOV 91 and GALL 88
dominate the overall average, and that their disagreement is
responsible for most of the high 2.
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The GALL 88 measurement was made using four different
kaonic atom transitions, K~ Pb (9 — 8), K~ Pb (11 — 10),
K~W (9 — 8), and K~ W (11 — 10). The mg+ values they
obtain from each of these transitions is shown in the Particle
Listings and in Fig. 1. Their K~ Pb (9 — 8) mg+is below and
somewhat inconsistent with their other three transitions. The

average of their four measurements is

my+ = 493.636 £ 0.007

x> =7.0 for 3 D.F., Prob. =7.2%. (4)

This is a low but acceptable x? probability so, to be conserva-
tive, GALL 88 scaled up the error on their average by S=1.5 to
obtain their published error +0.011 shown in Eq. (3) above and
used in the Particle Listings average.

The ideogram in Fig. 1 shows that the DENISOV 91 mea-
surement and the GALL 88 K~ Pb (9 — 8) measurement yield
two well-separated peaks. One might suspect the GALL 88
K~ Pb (9 — 8) measurement since it is responsible both for the
internal inconsistency in the GALL 88 measurements and the
disagreement with DENISOV 91.

To see if the disagreement could result from a systematic
problem with the K~ Pb (9 — 8) transition, we have separated
the CHENG 75 data, which also used K~ Pb, into its separate
transitions. Figure 1 shows that the CHENG 75 and GALL 88
K~ Pb (9 — 8) values are consistent, suggesting the possibility
of a common effect such as contaminant nuclear v rays near
the K~ Pb (9 — 8) transition energy, although the CHENG 75
errors are too large to make a strong conclusion. The average
of all 13 measurements has a x? of 52.6 as shown in Fig. 1
and the first line of Table 1, yielding an unacceptable x?
probability of 0.00005%. The second line of Table 1 excludes
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WEIGHTED AVERAGEDO
493.664+0.011 (Error scaled by 2.5)

¢

Values above of weighted average, error,00
and scale factor are based upon the data in
this ideogram only. They are not neces-0O
sarily the same as our "best' values,

obtained from a least-squares constrained fitO
utilizing measurements of other (related)
quantities as additional information.
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Figure 1: Ideogram of mg+ mass measure-
ments. GALL 88 and CHENG 75 measure-
ments are shown separately for each transition
they measured.

both the GALL 88 and CHENG 75 measurements of the
K~ Pb (9 — 8) transition and yields a x? probability of 43%.
The third [fourth] line of Table 1 excludes only the GALL 88
K~Pb (9 — 8) [DENISOV 91] measurement and yields a
x? probability of 20% [8.6%)]. Table 1 shows that removing
both measurements of the K~ Pb (9 — 8) transition produces

the most consistent set of data, but that excluding only the
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GALL 88 K~ Pb (9 — 8) transition or DENISOV 91 also

produces acceptable probabilities.

Table 1: myg+ averages for some combina-
tions of Fig. 1 data.

mg+ (MeV) x?> D.F. Prob. (%) Measurements used

493.664 + 0.004 52.6 12  0.00005 all 13 measurements
493.690 + 0.006 10.1 10 43 no K~ Pb(9—8)

493.687 + 0.006 14.6 11 20 no GALL 88 K~ Pb(9—38)
493.642 + 0.006 17.8 11 8.6 no DENISOV 91

Yu.M. Ivanov, representing DENISOV 91, has estimated
corrections needed for the older experiments because of im-
proved M2Ir and 1”8 Au calibration y-ray energies. He estimates
that CHENG 75 and BACKENSTOSS 73 m g+ values could be
raised by about 15 keV and 22 keV, respectively. With these
estimated corrections, Table 1 becomes Table 2. The last line
of Table 2 shows that if such corrections are assumed, then
GALL 88 K~ Pb (9 — 8) is inconsistent with the rest of the
data even when DENISOV 91 is excluded. Yu.M. Ivanov warns
that these are rough estimates. Accordingly, we do not use
Table 2 to reject the GALL 88 K~ Pb (9 — 8) transition, but
we note that a future reanalysis of the CHENG 75 data could
be useful because it might provide supporting evidence for such

a rejection.
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Table 2: myg+ averages for some combina-
tions of Fig. 1 data after raising CHENG 75 and

BACKENSTOSS 73 values by 0.015 and 0.022
MeV respectively.

mg+ (MeV) x? D.F. Prob. (%) Measurements used

493.666 £ 0.004 53.9 12  0.00003 all 13 measurements
493.693 £0.006 9.0 10 53 no K~ Pb(9—8)

493.690 £ 0.006 11.5 11 40 no GALL 88 K~ Pb(9—38)
493.645 = 0.006 23.0 11 1.8 no DENISOV 91

The GALL 88 measurement uses a Ge semiconductor spec-
trometer which has a resolution of about 1 keV, so they run
the risk of some contaminant nuclear v rays. Studies of v rays
following stopped w~ and X~ absorption in nuclei (unpub-
lished) do not show any evidence for contaminants according
to GALL 88 spokesperson, B.L. Roberts. The DENISOV 91
measurement uses a crystal diffraction spectrometer with a
resolution of 6.3 eV for radiation at 22.1 keV to measure
the 4f-3d transition in K~ '?C. The high resolution and the
light nucleus reduce the probability for overlap by contaminant
~ rays, compared with the measurement of GALL 88. The
DENISOV 91 measurement is supported by their high-precision
measurement of the 4d-2p transition energy in 7~ 2C, which is
good agreement with the calculated energy.

While we suspect that the GALL 88 K~ Pb (9 — 8) mea-
surements could be the problem, we are unable to find clear
grounds for rejecting it. Therefore, we retain their measure-
ment in the average and accept the large scale factor until

further information can be obtained from new measurements
and/or from reanalysis of GALL 88 and CHENG 75 data.
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We thank B.L. Roberts (Boston Univ.) and Yu.M. Ivanov
(Petersburg Nuclear Physics Inst.) for their extensive help in

understanding this problem.

K* MASS

VALUE (MeV) DOCUMENT ID TECN CHG COMMENT
493.6771+£0.016 OUR FIT Error includes scale factor of 2.8.
493.677+0.013 OUR AVERAGE Error includes scale factor of 2.4. See the ideogram

below.

493.696+0.007 1 pENISOV 91 CNTR -— Kaonic atoms
493.63640.011 2 GALL 88 CNTR —  Kaonic atoms
493.640+0.054 LUM 81 CNTR -— Kaonic atoms
493.670+0.029 BARKOV 79 EMUL + et el —
493.657 +0.020 2 CHENG 75 CNTR — Kacﬁic §toms
493.691+0.040 BACKENSTO..73 CNTR - Kaonic atoms

e o o We do not use the following data for averages, fits, limits, etc. ® o o
493.631+0.007 GALL 88 CNTR — K~ Pb (9— 8)
493.675+0.026 GALL 88 CNTR — K~ Pb (11— 10)
493.709+0.073 GALL 88 CNTR — K—W (9— 8)
493.806 +0.095 GALL 88 CNTR — K™ W (11— 10)
493.640+0.0224+0.008 3 CHENG 75 CNTR — K~ Pb (9— 8)
493.658+0.0194+0.012 3 CHENG 75 CNTR — K™ Pb (10— 9)
493.638+0.035+0.016 3 CHENG 75 CNTR — K™ Pb (11— 10)
493.753+0.0424+0.021 3 CHENG 75 CNTR -— K~ Pb (12— 11)
493.742+0.0814+0.027 3 CHENG 75 CNTR — K™ Pb (13— 12)

1 Error increased from 0.0059 based on the error analysis in IVANOV 92.

2This value is the authors' combination of all of the separate transitions listed for this
paper.

3 The CHENG 75 values for separate transitions were calculated from their Table 7 transi-
tion energies. The first error includes a 20% systematic error in the noncircular contam-
inant shift. The second error is due to a £5 eV uncertainty in the theoretical transition
energies.
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WEIGHTED AVERAGE
493.677+0.013 (Error scaled by 2.4)

Values above of weighted average, error,
and scale factor are based upon the data in
this ideogram only. They are not neces-
sarily the same as our ‘best’ values,
obtained from a least-squares constrained fit
utilizing measurements of other (related)
quantities as additional information.
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—0.032+0.090 1.5M 4 FORD 72 ASPK =+

4FORD 72 uses m L —m__ = +28 £ 70 keV.
T T

K* MEAN LIFE

VALUE (1078 s) EVTS DOCUMENT ID TECN CHG COMMENT
1.2385+0.0024 OUR FIT Error includes scale factor of 2.0.
1.2385+0.0025 OUR AVERAGE Error includes scale factor of 2.1. See the ideogram

below.

1.2451+0.0030 250k KOPTEV 95 CNTR K at rest, U tar-
get

1.2368+0.0041 150k KOPTEV 95 CNTR K at rest, Cu tar-
get

1.2380+0.0016 3M OTT 71 CNTR + K at rest

1.2272+0.0036 LOBKOWICZ 69 CNTR + K in flight

1.2443+0.0038 FITCH 658 CNTR + K at rest

e o o We do not use the following data for averages, fits, limits, etc. ® o o

1.2415+0.0024 400k 5 KOPTEV 95 CNTR K at rest

1.221 +0.011 FORD 67 CNTR =+

1.231 £0.011 BOYARSKI 62 CNTR +
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SKOPTEV 95 report this weighted average of their U-target and Cu-target results, where
they have weighted by 1/c rather than 1/02.

WEIGHTED AVERAGE
1.2385+0.0025 (Error scaled by 2.1)

Values above of weighted average, error,
and scale factor are based upon the data in
this ideogram only. They are not neces-
sarily the same as our ‘best’ values,
obtained from a least-squares constrained fit
utilizing measurements of other (related)
quantities as additional information.
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1.21 1.22 1.23 1.24 1.25 1.26 1.27

KT mean life (10_8 s)

(TK+ = TK-) / T average

This quantity is a measure of CPT invariance in weak interactions.

VALUE (%) DOCUMENT ID TECN
0.11 +0.09 OUR AVERAGE Error includes scale factor of 1.2.
0.090+0.078 LOBKOWICZ 69 CNTR
0.47 +0.30 FORD 67 CNTR

RARE KAON DECAYS

(Revised November 2005 by L. Littenberg, BNL and G. Valen-
cia, lowa State University)

A. Introduction: There are several useful reviews on rare kaon
decays and related topics [1-14]. Activity in rare kaon decays
can be divided roughly into four categories:

1. Searches for explicit violations of the Standard Model

2. Measurements of Standard Model parameters
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3. Searches for C'P violation
4. Studies of strong interactions at low energy.

The paradigm of Category 1 is the lepton flavor violating
decay K — pe. Category 2 includes processes such as K+ —
7Tvr, which is sensitive to |Vig|. Much of the interest in
Category 3 is focused on the decays K; — w00/, where ¢ =
e, i, v. Category 4 includes reactions like K+ — 7 ¢T¢~ which
constitute a testing ground for the ideas of chiral perturbation
theory. Category 4 also includes K7, — 7'y~ and Ky — (147 ~.
The former is important in understanding a C'P-conserving
contribution to Kj; — w%¢T¢~, whereas the latter could shed
light on long distance contributions to Kj, — putpu~.

K'su'vy  K'sn'yy

NS

Ss o B(K »>n'vD)
AN S~
3

.
BSD(KL_>1U‘ M )

1 dat2 pstd P

K T py K27y
KS-)7\'°£+E_ KL_)')-:Z-FZ .
- K>ttee
Kosyve's b RS
L

Figure 1: Role of rare kaon decays in deter-
mining the unitarity triangle. The solid arrows
point to auxiliary modes needed to interpret the
main results, or potential backgrounds to them.
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The interplay between Categories 2-4 can be illustrated in
Fig. 1. The modes K — mvv are the cleanest ones theoretically.
They can provide accurate determinations of certain CKM
parameters (shown in the figure). In combination with alternate
determinations of these parameters they also constrain new
interactions. The modes Kj — mlete™ and K — ptpu~ are
also sensitive to CKM parameters. However, they suffer from a
series of hadronic uncertainties that can be addressed, at least
in part, through a systematic study of the additional modes

indicated in the figure.

B. Explicit violations of the Standard Model: Much ac-
tivity has focussed on searches for lepton flavor violation (LFV).
This is motivated by the fact that many extensions of the min-
imal Standard Model violate lepton flavor and by the potential
to access very high energy scales. For example, the tree-level
exchange of a LF'V vector boson of mass Mx that couples to left-
handed fermions with electroweak strength and without mixing
angles yields B(K7 — pe) = 4.7 x 10712(148 TeV/Mx)* [5].
This simple dimensional analysis may be used to read from
Table 1 that the reaction Kj; — pe is already probing scales
of over 100 TeV. Table 1 summarizes the present experimen-
tal situation vis a vis LFV. The decays K; — putet and
Kt — nteTu® (or K; — nVFu®) provide complementary
information on potential family number violating interactions
since the former is sensitive to parity-odd couplings and the
latter is sensitive to parity-even couplings. Limits on certain
lepton-number violating kaon decays [15,16] also exist. Related
searches in p and 7 processes are discussed in our section “Tests

of Conservation Laws”.
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Table 1: Searches for lepton flavor violation in

K decay
90% CL
Mode upper limit Exp’t Yr./Ref.
Kt —ate pt  1.2x1071 BNL-865 2003 /Ref. 17
Kt —rtety= 52x10710 BNL-865 2001 /Ref. 15
K1 —pe 4.7x10712 BNL-871 1998 /Ref. 18

K —nlpu 3.4x10710  KTeV (prelim.) 2003/Ref. 19

Physics beyond the SM is also pursued through the search
for KT — 77 X% where X" is a very light, noninteracting
particle (e.g. hyperphoton, axion, familon, etc.). The 90% CL
upper limit on this process is 5.9 x 10711 [20].

C. Measurements of Standard Model parameters:

Until 1997, searches for Kt — nTvv were motivated by
the possibility of observing non-SM physics because the sen-
sitivity attained was far short of the SM prediction for this
decay [21] and long-distance contributions are known to be
quite small [2,22,23]. Since then, BNL-787 has observed two
candidate events [20,24], and BNL-949 has observed one more,
yielding a branching ratio of (1.477530) x 10710 [25]. At this
level, this reaction becomes interesting from the point of view of
constraining SM parameters. A new experiment with a sensitiv-
ity goal of ~ 107'2 /event was proposed [26] at CERN in 2005.
In the future this mode may provide grounds for precision tests
of the flavor structure of the Standard Model [27]. The branch-
ing ratio can be written in terms of the very well-measured K 3

rate as [2]:

o’B(Kt — 1% Tv)
V2272 sin’ Oy

B(KT — ntup) =
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X > |VaVeaX i + ViVieX (mg)? (1)

l:e7/’l’77—

to eliminate the a prior: unknown hadronic matrix element.
Isospin breaking corrections to the ratio of matrix elements
reduce this rate by 10% [28]. In Eq. (1) the Inami-Lim func-
tion X (m¢) is of order 1 [29], and X% is several hundred
times smaller. This form exhibits the strong dependence of this
branching ratio on |V;4|. QCD corrections, which mainly affect
Xﬁ,L, lead to a residual error of < 5% for the decay ampli-
tude [12,23,30,31]. Evaluating the constants in Eq. (1), one can
cast this result in terms of the CKM parameters A\, Vi, p and 7,
(see our Section on “The Cabibbo-Kobayashi-Maskawa mixing
matrix”) [12]

B(KT — ntuvw) & 1.6 x 10|V [*oi® + (pe — p)*]  (2)

where p. = 1 + (%XJGVL + %X]T\,L)/(|Vcb|2X(mt)) ~ 1.4 and
o = 1/(1 — i)?)% Thus, B(K™ — 7Tvw) determines an
ellipse in the p, 7 plane with center (p;0) and semi-
1 B(k+—ntum) 1 Bt —ntm)

— and —
’Vch 1.6x10—° 0|Vcb’2 1.6x10—°

rent constraints on the CKM parameters lead to a predicted
branching ratio (8.0 £ 1.1) x 10711 [31], near the lower end of
the BNL-787 measurement.

The decay Kj — pp~ also has a short distance contribu-

axes =~

tion sensitive to the CKM parameter p, given by [12]:
Bsp(Kr — ptp™) & 2.7 x 1074V |* (pr. — p)? (3)

where p!. depends on the charm quark mass and is approximately
1.2. This decay, however, is dominated by a long-distance con-
tribution from a two-photon intermediate state. The absorptive

(imaginary) part of the long-distance component is determined
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by the measured rate for K — v to be Baps (K, — putp~) =
(6.64 & 0.07) x 107?; and it almost completely saturates the
observed rate B(K; — uTp~) = (6.87 £0.11) x 1079 [32].
The difference between the observed rate and the absorp-
tive component can be attributed to the (coherent) sum of
the short-distance amplitude and the real part of the long-
distance amplitude. The latter cannot be derived directly from
experiment [33] but can be estimated with certain assump-
tions [34,35]. The decay Kj — eTe™ is completely dominated
by long distance physics and is easier to estimate. The result,
B(Kj —eTe™) ~9x 10712 [33,36], is in good agreement with
the BNL-871 measurement, (8.77:2:{) x 10712 [37].

D. Searches for direct CP violation: The mode K —
70u7 is dominantly CP-violating and free of hadronic uncer-
tainties [2,38,39]. In the Standard Model this mode is domi-
nated by an intermediate top-quark state and does not suffer
from the small uncertainty associated with the charm-quark
intermediate state that affects the mode K+ — wTvw. The

branching ratio is given approximately by Ref. 12:

B(K; — nvm) = 7.6 x 107°|Vy|*7° . (4)

With current constraints on the CKM parameters this leads to a
predicted branching ratio (3.0 £0.6) x 10711 [40]. The current
published experimental upper bound is B(K; — WOVD) <
5.9 x 1077 [41]. The 90% CL bound on K — 7v provides
a nearly model independent bound B(Kj — 7lvi) < 1.4 x
1079 [42]. KEK-391a [43], which began data-taking in early
2004, aims to reach this level, and has presented a preliminary
result of B(Ky, — 7'v7) < 2.86 x 1077 [44]. A Letter of Intent
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for an experiment to reach the ~ 5 x 10713 /event level has been
submitted to the J-PARC PAC [45].

There has been much theoretical work on possible contribu-
tions to rare K decays beyond the SM. While in the simplest
case of the MSSM with no new sources of flavor or C'P violation
the main effect is a suppression of the rare K decays [2,21,46],
substantial enhancements are possible in more general SUSY
models [47]. A comprehensive discussion can be found in Refs.
[40] and [48].

The decay Kj — m’ete™ also has sensitivity to the CKM
parameter n through its C'P-violating component. There are
both direct and indirect C'P-violating amplitudes which can
interfere. The direct C'P-violating amplitude is short distance
dominated and has been calculated in detail within the SM [9].
The indirect CP-violating amplitude can be inferred from a
measurement of Kg — w’ete”. The complete CP-violating

contribution to the rate can be written as [49]:

104

9\ 2
+0.129 (“ﬁ)"_‘f) ] (5)

where the three terms correspond to the indirect CP violation,

Vo>
Bepy ~ 10712 [15.7\a5|2 +1.45 (’ ot 77) lag]|

the interference, and the direct CP violation respectively. The
parameter ag has recently been extracted by NA48 from a
measurement of the decay Kg¢ — mlete” with the result
las| = 1.06703% +0.07 [50]. With current constraints on the
CKM parameters this implies that

Bepy ~ (17.2 £ 9.4 +4.7) x 10712, (6)
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The indirect C'P violation is larger than the direct C'P vi-
olation. While the sign of the interference is a priori un-
known, arguments in favor of a positive sign have been put
forward in Ref. 51 and Ref. 52. NA48 has also obtained the
value a; = 1.547030 £0.06 [53] from a measurement of the
Kg — 7% p~ rate, in agreement with the value extracted
from Kg — mlete”

This mode also has a C'P-conserving component dominated
by a two-photon intermediate state that is still subject to
a sizable uncertainty. This C P-conserving component can be
decomposed into an absorptive and a dispersive part. The ab-
sorptive part can be extracted from the measurement of the
low m, region of the Kj, — 704~ spectrum. The rate and the
shape of the distribution dI'/dm., in K1 — 7y are well de-
scribed in chiral perturbation theory in terms of three (a priori)
unknown parameters [54,55]. Both KTeV and NA48 have stud-
ied the mode Kj — 70y reporting conflicting results. KTeV
finds B(K7 — 70y7y) = (1.68 £ 0.07gtat & 0.08gys) X 1079 [56],
whereas NA48 finds B(K; — 7%yy) = (1.36 £ 0.034a £
0.03sys £ 0.0310rm) X 1079 [57]. Furthermore, the NA48 data
indicates a negligible rate in the low m,, region suggesting a
very small CP-conserving component Bop(Kj — mete™) ~
O(10713) [51,55,57]. KTeV, on the other hand, reports a
larger rate in the low m., region, which suggests a larger
Beop(Kp, — mete™) between 1 — 2 x 10712 [56]. In addition
to this difference between the two experiments, there remains
some model dependence in the estimate of the dispersive part
of the C' P-conserving Kj, — mlete™ [51].

The related process, K; — w’yete™, is potentially an
additional background in some region of phase space [58].
This process has been observed with a branching ratio of
(2.34 £ 0.35gtat £ 0.134y5) x 1078 [59].
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The decay Kj — yyete™ constitutes the dominant back-
ground to K, — wete™. It was first observed by BNL-845 [60]
and subsequently confirmed with a much larger sample by
FNAL-799 [61]. It has been estimated that this background
will enter at about the 10710 level [62,63], comparable to or
larger than the signal level. Because of this, the observation
of K; — nVTe™ at the SM level will depend on background
subtraction with good statistics. Possible alternative strategies
are discussed in Ref. 51 and references cited therein.

The 90% CL upper bound for the process K — nVete™
is 2.8 x 10710 [63]. For the closely related muonic process,
the published upper bound is B(K; — 7utpu~) < 3.8 x
10719 [64] compared with the SM prediction of (1.5 £ 0.3) x
10711 [65] (assuming positive interference between the direct-
and indirect-CP violating components). KTeV has additional
data corresponding to about a factor 1.3 in sensitivity for the
latter reaction that is under analysis.

A recent study of K — 7%uT 1~ has indicated that it might
be possible to extract the direct C'P-violating contribution by
a joint study of the Dalitz plot variables and the components
of the u™ polarization [66]. The latter tends to be quite
substantial so that large statistics may not be necessary.

E. Other long distance dominated modes:

The decays KT — n741t¢~ ({ = e or p) have received con-
siderable attention. The rate and spectrum have been measured
for both the electron and muon modes [67,68]. Ref. 49 has pro-
posed a parameterization inspired by chiral perturbation theory,
which provides a successful description of data but indicates the
presence of large corrections beyond leading order. More work is

needed to fully understand the origin of these large corrections.
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Much information has been recorded by KTeV and NA48
on the rates and spectrum for the Dalitz pair conversion
modes K7 — (707~ [69,70], and K — T4~ 0T0'~ for £,0 =
e or u [16,70-72]. All these results are used to test hadronic
models and could further our understanding of the long distance

component in K, — ptpu.
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K+ DECAY MODES

K™ modes are charge conjugates of the modes below.

Scale factor/
Mode Fraction (I';/T) Confidence level
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Leptonic and semileptonic modes

Fl e+ Ve
> u"" Vy
F3 7TO e+ Ve
+
Called Kas
r, 79%uF Yy
+
Called Ku3'

s m0x0ety,

e 7 7 elu,
+o—

7 =7 pry,

g m0n070ety,

( 1.55 +0.07 ) x 1072
(63.44 +0.14 ) %

(498 +£0.07 )%

(332 +£0.06 )%

(22 404 )x107°
( 4.09 £0.09 ) x 1072
(14 409 )x107°

< 35 x 106

Hadronic modes

g atx0 (20.92 +0.12 ) %
Mo ntalzn0 ( 1.75740.024) %
M1 #tatn™ ( 5.590+0.031) %
Leptonic and semileptonic modes with photons
Mo phu,y [a.b] (62 +08 )x103
M3 ' VM’)/(SDJ'_) [c] < 3.0 x 1070
M2 pt VM’y(SD+INT) [c] < 27 x 1072
M5 wph v,7(SD™ + SDTINT) [c] < 26 x 10~4
M €T vev(SDT) [c] (152 +0.23 )x 107>
17 et vey(SD™) [c] < 16 x 104
Mg metv.y [a,b] ( 2.69 £0.20 ) x 10~4
Mg n%etv.v(SD) [c] < 53 x 1075
Moo m0utu,y [ab] (24 +08 )x1075
My 7070ty < 5 x 1070

Hadronic modes with photons

F22 7T+7T0"}/

F23 7T+7T0")/(DE)
Y 7T+7T07T0")/
atat

25 Ty
Mg 7Ty
F27 7T+ 3")/

g e’ Ve VUV

[a,b] ( 2.75 +0.15 ) x 10~ 4

[b,d] (44 407 )x107°
[ab] (7.6 T3§ )x1076

[a,b] ( 1.04 +0.31 ) x 10~4
[b] ( 1.10 £0.32 )x 10°©

[b] < 1.0 x 10~4

Leptonic modes with £7 pairs
< 6 x 1079
< 6.0 x 1070

Fog T N
F30 e+ Ve e+ e
F31 u+ VM e+ e
M3 etweptp~
M35 phvuptp”

HTTP://PDG.LBL.GOV

(248 +0.20 ) x 1078
( 7.06 £0.31 ) x 10~8
(1.7 +05 )x10~8
< 41 x 10~ 7

Page 21

S=1.2
S5=13

5=1.2

CL=90%

S=11
S=1.1
S=1.1

CL=90%
CL=90%
CL=90%
CL=90%

CL=90%

CL=90%

CL=90%

CL=90%
CL=90%

CL=90%
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Lepton Family number (LF), Lepton number (L), AS = AQ (SQ)

violating modes, or AS = 1 weak neutral current (51) modes

M54 wmhate D, 5Q < 1.2 x 1078
M35 7ratpu 7, 5Q < 3.0 x 1076
M3 7rete S1 (2.88 £0.13 ) x 1077
M37 7 ptp~ S1 (81 +14 )x1078
Mg 7tvD S1 (15 53 )x10710
M9 nt7luw SI < 43 x 1075
Fa0 p vetem LF < 20 x 108
Fa1 po e LF  [e] < 4 x 1073
F42 7T+ ,LLJ'_ e LF < 13 x 10— 11
M43 mhp et LF < 5.2 x 10~10
Fag 7 ptet L < 5.0 x 10—10
Fa5 7T eTem L < 6.4 x 10—10
Fag 7 ptpt L [e] < 3.0 x 1079
Fa7 pi 7, L [e] < 3.3 x 1073
Mg et L < 3 x 103
Fag 7T [fl < 23 x 1079

CL=90%
CL=95%

5=2.7

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

[a] Most of this radiative mode, the low-momentum -~y part, is also included

in the parent mode listed without v's.

[b] See the Particle Listings below for the energy limits used in this mea-

surement.
[c] Structure-dependent part.
[d] Direct-emission branching fraction.
[e] Derived from an analysis of neutrino-oscillation experiments.

[f] Violates angular-momentum conservation.

CONSTRAINED FIT INFORMATION
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An overall fit to the mean life, a decay rate, and 12 branching
ratios uses 26 measurements and one constraint to determine 8
parameters. The overall fit has a X2 = 30.0 for 19 degrees of
freedom.

The following off-diagonal array elements are the correlation coefficients
<5pi5pj>/(5pi-5pj), in percent, from the fit to parameters p;, including the branch-
ing fractions, x; = T;/Tiota). The fit constrains the x; whose labels appear in this

array to sum to one.

X3 —52
Xg -50 78
X, -3 6 5
Xg —52 —-36 —36 -2
X10 -8 -3 -3 0 -8
X11 —10 —6 -5 0 -9 4
r 3 2 2 0 3 -1 33
X X3 X4 X5 X9 X]0 X1

Mode Rate (108 s™ 1) Scale factor
M, uhy, 0.5122 +0.0015 1.4
;  mlety, 0.0402 -0.0006 1.3
Called K;_E.
ry mutu, 0.0268 0.0005 1.2
Called K:3.
s m0x0ety, (174 T938  )x107°
g atad 0.1689 +0.0010 1.2
Mo nta0n0 0.01419-0.00020 1.1
M1 ntnta™ 0.04513+0.00024

K* DECAY RATES

+
Mutv,) [P
VALUE (10° s— 1y DOCUMENT ID TECN  CHG
51.2240.15 OUR FIT Error includes scale factor of 1.4.

e o o We do not use the following data for averages, fits, limits, etc. ® o o

51.2 +0.8 FORD 67 CNTR =+

Mrtata™) M
VALUE (10° s— 1y EVTS DOCUMENT ID TECN  CHG

4.5134+0.024 OUR FIT

4.511+0.024 6 FORD 70 ASPK

e o o We do not use the following data for averages, fits, limits, etc. o o @

4.52940.032 3.2M 6 FORD 70 ASPK

4.496+0.030 6 FORD 67 CNTR =+
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6 First FORD 70 value is second FORD 70 combined with FORD 67.

(F(KT) — [(K™)) / T(K)
K* — p*v, RATE DIFFERENCE/AVERAGE

Test of CPT conservation.
VALUE (%) DOCUMENT ID TECN

—0.5410.41 FORD 67 CNTR

K* — z*xtn— RATE DIFFERENCE/AVERAGE

Test of CP conservation.

VALUE (%) EVTS DOCUMENT ID TECN CHG
0.08+0.12 7" FORD 70 ASPK

o o o We do not use the following data for averages, fits, limits, etc. ® o o

—0.024+0.16 8 SMITH 73 ASPK +
0.1040.14 3.2M 7 FORD 70 ASPK

—0.504-0.90 FLETCHER 67 OSPK

—0.04+0.21 " FORD 67 CNTR

7 First FORD 70 value is second FORD 70 combined with FORD 67.
8SMITH 73 value of Ki — gt xt 1= rate difference is derived from SMITH 73 value
of KT — 7%270 rate difference.

K* — n*797% RATE DIFFERENCE/AVERAGE

Test of CP conservation.

VALUE (%) EVTS DOCUMENT ID TECN  CHG
0.0 +£0.6 OUR AVERAGE

0.0840.58 SMITH 73 ASPK =+
—-1.1 £1.8 1802 HERZO 69 OSPK

K* — %70 RATE DIFFERENCE/AVERAGE

Test of CPT conservation.
VALUE (%) DOCUMENT ID TECN

0.8+1.2 HERZO 69 OSPK

K* — ntn% RATE DIFFERENCE/AVERAGE

Test of CP conservation.

VALUE (%) EVTS DOCUMENT ID TECN  CHG  COMMENT
0.9+3.3 OUR AVERAGE

0.8£5.8 2461 SMITH 76 WIRE = E, 55-90 MeV
1.0+4.0 4000 ABRAMS 73B ASPK =+ E,; 51-100 MeV

K+ BRANCHING RATIOS

Leptonic and semileptonic modes

M(etve) /T (4t w,) r/r2
VALUE (units 1075) EVTS DOCUMENT ID TECN CHG

2.4510.11 OUR AVERAGE

2.514+0.15 404 HEINTZE 76 SPEC +

2.37+0.17 534 HEARD 758 SPEC +

2.4240.42 112 CLARK 72 OSPK +
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I-(IJ'" Vu)/ Mtotal M2/
VALUE (units 1072) EVTS DOCUMENT ID TECN CHG COMMENT
63.4410.14 OUR FIT Error includes scale factor of 1.2.

63.60+0.16 OUR AVERAGE

63.66+0.094+0.15 865k 9 AMBROSINO 06A KLOE +

63.24+0.44 62k CHIANG 72 OSPK + 1.84 GeV/c Kt
9 Fully inclusive. Used tagged kaons from ¢ decays.
(7%et ve) /Tiotal rs/r
VALUE (units 1072) EVTS DOCUMENT ID TECN CHG COMMENT
4.984+0.07 OUR FIT Error includes scale factor of 1.3.
4.86+0.10 3516 CHIANG 72 OSPK +  1.84 GeV/c Kt
e o o We do not use the following data for averages, fits, limits, etc. o o @
4.7 £+0.3 429 SHAKLEE 64 HLBC +
5.0 £0.5 ROE 61 HLBC +
F(n%etve) /T (utv,) 3/l
VALUE EVTS DOCUMENT ID TECN CHG

0.0784+0.0012 OUR FIT Error includes scale factor of 1.3.

e o o We do not use the following data for averages, fits, limits, etc. ® o o

0.069 =+0.006 350 ZELLER 69 ASPK +
0.0775+0.0033 960 BOTTERILL 68C ASPK
0.069 =+0.006 561 GARLAND 68 OSPK +
0.079140.0054 205 10 AUERBACH 67 OSPK +

10 AUERBACH 67 changed from 0.0797 = 0.0054. See comment with ratio I'(ﬂ'o pwt ’/,u)/
r(,u+ V'uJ). The value 0.0785 + 0.0025 given in AUERBACH 67 is an average of
0 0
AUERBACH 67 T'(n”e™ v) /I (utv),) and CESTER 66 T (r e+ye)/{r(u+uu) +
|'(7T+7r0)}.

r(x%et ue)/[r(,ﬁ Y) + (7t 1r°)] r3/(M2+lg)
VALUE (units 10~2) EVTS DOCUMENT ID TECN  CHG

5.90+0.09 OUR FIT Error includes scale factor of 1.3.
6.0240.15 OUR AVERAGE

6.164+0.22 5110 ESCHSTRUTH 68 OSPK 4+
5.890+0.21 1679 CESTER 66 OSPK +
e o o We do not use the following data for averages, fits, limits, etc. o o @
5.92+0.65 11 WEISSENBE... 76 SPEC +

11 vValue calculated from WEISSENBERG 76 (7r0 ev), (uv), and (71'71'0) values to eliminate
dependence on our 1974 (7r27r0) and (rnt 77 fractions.

F(netve)/[M(7®ptv,) +T (nt a0) + T (atx070)] 3/(Fa+Tg+10)

VALUE EVTS DOCUMENT ID TECN CHG
0.191440.0029 OUR FIT Error includes scale factor of 1.3.
0.1962-+0.0008 +-0.0035 71k SHER 03 B865 +
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I'(1r° et Ve) /I'(1r+ 7r0) M3/l
VALUE EVTS DOCUMENT ID TECN CHG  COMMENT
0.238+0.004 OUR FIT Error includes scale factor of 1.3.

e o o We do not use the following data for averages, fits, limits, etc. e o @

0.22140.012 786 12 LUCAS 738 HBC —  Dalitz pairs only

12| yCAs 738 gives N(Ko3) = 786 + 3.1%, N(27) = 3564 + 3.1%. We divide.
M(n%etve)/T(ntxtn™) M3/
VALUE EVTS DOCUMENT ID TECN CHG

0.890+0.014 OUR FIT Error includes scale factor of 1.3.
e o o We do not use the following data for averages, fits, limits, etc. e o @

0.86740.027 2768 BARMIN 87 XEBC +
0.85640.040 2827 BRAUN 75 HLBC +
0.8504-0.019 4385 13 HaIDT 71 HLBC +
0.846+0.021 4385 13 EICHTEN 68 HLBC +
0.94 +0.09 854 BELLOTTI 678 HLBC

0.90 +0.06 230 BORREANI 64 HBC +

I3HAIDT 71 is a reanalysis of EICHTEN 68. Not included in average because of large
discrepancy in I‘(ﬂ'o ut V)/F(Tro et v) with more precise results.

0
I'(1r ut Vu)/ Mtotal a/T
VALUE (units 1072) EVTS DOCUMENT ID TECN CHG COMMENT
3.324+0.06 OUR FIT Error includes scale factor of 1.2.
3.33+0.16 2345 CHIANG 72 OSPK +  1.84 GeV/c Kt
e o o We do not use the following data for averages, fits, limits, etc. o o @
2.8 +0.4 14 TAYLOR 50 EMUL +
14 Earlier experiments not averaged.
0
M@ utu,)/M(pty,) F4/T2
VALUE EVTS DOCUMENT ID TECN CHG

0.0524+40.0010 OUR FIT Error includes scale factor of 1.2.
e o o We do not use the following data for averages, fits, limits, etc. o o @

0.054 +0.009 240 ZELLER 69 ASPK 4+
0.0480+0.0037 424 15GARLAND 68 OSPK +
0.048640.0040 307 16 AUERBACH 67 OSPK +

15 GARLAND 68 changed from 0.055 + 0.004 in agreement with p-spectrum calculation
of GAILLARD 70 appendix B. L.G.Pondrom, (private communication 73).

16 AUERBACH 67 changed from 0.0602 4 0.0046 by erratum which brings the p-spectrum
calculation into agreement with GAILLARD 70 appendix B.

F(woutv,)/T (x%et ve) PYIE
VALUE EVTS DOCUMENT ID TECN  CHG  COMMENT
0.668+0.008 OUR FIT

0.670+0.008 OUR AVERAGE

0.67140.007 +0.008 24k HORIE 01 SPEC
0.670+0.014 17 HEINTZE 77 SPEC +
0.667+0.017 5601 BOTTERILL 688 ASPK +
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e o o We do not use the following data for averages, fits, limits, etc. o o o

0.608-0.014 1585 18 BRAUN 75 HLBC +

0.705+0.063 554 19 LUcAs 738 HBC —  Dalitz pairs only
0.698-:0.025 3480 20 CHIANG 72 OSPK +  1.84 GeV/c KT
0.596 --0.025 21 yaIDT 71 HLBC +

0.604+0.022 13908 2l EICHTEN 68 HLBC

0.70340.056 1509 CALLAHAN 668 HLBC

17 HEINTZE 77 value from fit to Ag- Assumes p-e universality.
18 BRAUN 75 value is from form factor fit. Assumes p-e universality.
19LUCAS 738 gives N(K,,3) = 554 + 7.6%, N(K,3) = 786 + 3.1%. We divide.

20CHIANG 72 T(nOput,)/T(n0eTv,) is statistically independent of CHIANG 72

0 0
r(r :“+’/,u)/rtotal and I'(m e#_Ve)/rtotal'
21 HAIDT 71 is a reanalysis of EICHTEN 68. Not included in average because of large
discrepancy with more precise results.

[F(1r° put V#) + I'(1r+ 7r°)] /Ttotal (T4+Tg)/T
We combine these two modes for experiments measuring them in xenon bubble cham-
ber because of difficulties of separating them there.

VALUE (units 1072) EVTS DOCUMENT ID TECN CHG

24.2410.11 OUR FIT Error includes scale factor of 1.1.

e o o We do not use the following data for averages, fits, limits, etc. e o @

25.4 +0.9 886 SHAKLEE 64 HLBC +
234 +1.1 ROE 61 HLBC +
0 -
r(ﬂ' /J.+V“)/r(1l'+1r+7r ) I'4/I'11
VALUE EVTS DOCUMENT ID TECN  CHG COMMENT

0.594+0.011 OUR FIT Error includes scale factor of 1.2.

o o o We do not use the following data for averages, fits, limits, etc. ® o o

0.5034-0.019 1505 22 HAIDT 71 HLBC +
0.5104-0.017 1505 22 EICHTEN 68 HLBC +
0.63 +0.07 2845 23 Bjs| 658 BC +  HBC+HLBC

22HAIDT 71 is a reanalysis of EICHTEN 68. Not included in average because of large
discrepancy in I‘(ﬂ'0 ut V)/F(Tro e v) with more precise results.
23 Error enlarged for background problems. See GAILLARD 70.

M(n97%et ve) /Tiotal s/l
VALUE (units 1075) EVTS DOCUMENT ID TECN CHG

2.2 £0.4 OURFIT

2.54+0.89 10 BARMIN 888 HLBC +

M(7%n%etve) /T (7%et ve) Ms/l3
VALUE (units 10~%) EVTS DOCUMENT ID TECN  CHG

43129 ourR FIT

41*19 OUR AVERAGE

42739 25 BOLOTOV 868 CALO —
38739 2 LJUNG 73 HLBC +

HTTP://PDG.LBL.GOV Page 27 Created: 7/6/2006 16:35



Citation: W.-M. Yao et al. (Particle Data Group), J. Phys. G 33, 1 (2006) (URL: http://pdg.Ibl.gov)

Mrtn—etwye)/M(xtatn) le/l1
VALUE (units 1074) EVTS DOCUMENT ID TECN CHG

7.31+0.16 OUR AVERAGE

7.3540.01+£0.19 388k 24 PISLAK 01 B865

7.21+0.32 30k ROSSELET 77 SPEC +

e o o We do not use the following data for averages, fits, limits, etc. ® o o

7.36+0.68 500 BOURQUIN 71 ASPK

7.0 £0.9 106 SCHWEINB... 71 HLBC +

5.83+0.63 269 ELY 69 HLBC +

24 PISLAK 01 reports T(nt 7~ et v)/Tioral= (4.109 + 0.008 + 0.110) x 10> using

the PDG 00 value M(x+ 7t 77)/Fioa= (5.59 £ 0.05) x 1072, We divide by the
PDG value and unfold its error from the systematic error. PISLAK 03 gives additional
details on the branching ratio measurement and gives improved errors on the S-wave -7

scattering length: ag= 0.216 + 0.013(stat.) £0.002(syst.) +0.002(theor.).

r(7r+ T I"+ Vp)/rtotal r7/T
VALUE (units 1075) EVTS DOCUMENT ID TECN CHG
e o o We do not use the following data for averages, fits, limits, etc. ® o @
0.77+9-2¢ 1 CLINE 65 FBC +
Mrta~pty,)/M(rtataT) r7/fu
VALUE (units 1074) EVTS DOCUMENT ID TECN CHG

2.571+1.55 7 BISI 67 DBC +
e o o We do not use the following data for averages, fits, limits, etc. e o @
~ 2.5 1 GREINER 64 EMUL +
r(ﬂ'o w0nlet Ve)/Ttotal g/l
VALUE (units 10°6) 1% EVTS DOCUMENT ID TECN  CHG
<35 90 0 BOLOTOV 88 SPEC -
e o o We do not use the following data for averages, fits, limits, etc. o o @
<9 90 0 BARMIN 92 XEBC +

Hadronic modes

I (7t 79) /T eotal Fo/T

VALUE (units 1072) EVTS DOCUMENT ID TECN CHG COMMENT

20.924+0.12 OUR FIT Error includes scale factor of 1.1.

21.18+0.28 16k CHIANG 72 OSPK +  1.84 GeV/c KT

e o o We do not use the following data for averages, fits, limits, etc. o o @

21.0 +0.6 CALLAHAN 65 HLBC See I'(rt70)/
r(w+ 7r+71'_)

M(a+ a0 /I (xtxta™) Fo/l11

VALUE EVTS DOCUMENT ID TECN CHG

3.7424+0.032 OUR FIT Error includes scale factor of 1.1.

o o o We do not use the following data for averages, fits, limits, etc. ® o o

3.96 +0.15 1045 CALLAHAN 66 FBC +
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N Cas 1r°) /T (ut Vﬂ) o/T2
VALUE EVTS DOCUMENT ID TECN CHG COMMENT
0.3297+0.0024 OUR FIT Error includes scale factor of 1.1.

0.3325+0.0032 OUR AVERAGE

0.33294-0.0047 +0.0010 45k USHER 92 SPEC +  pp at rest
0.33554-0.0057 25 WEISSENBE... 76 SPEC +
0.327740.0065 4517 20 AUERBACH 67 OSPK +

o o o We do not use the following data for averages, fits, limits, etc. ® o o
0.328 +0.005 25k 25 WEISSENBE... 74 STRC +

0.305 +0.018 1600 ZELLER 69 ASPK +

25\VEISSENBERG 76 revises WEISSENBERG 74.
26 AUERBACH 67 changed from 0.3253 + 0.0065. See comment with ratio I‘(ﬂ'o ;ﬁ' 1/”)/

I'(,u+ VM).

M=t 70 1r°) /Ttotal M0/T
VALUE (units 1072) EVTS DOCUMENT ID TECN CHG COMMENT
1.75740.024 OUR FIT Error includes scale factor of 1.1.

1.7754+0.028 OUR AVERAGE Error includes scale factor of 1.2.

1.763+0.0134+0.022 ALOISIO 04A KLOE =+

1.84 +0.06 1307 CHIANG 72 OSPK + 1.84 GeV/c KT
e o o We do not use the following data for averages, fits, limits, etc. o o @

1.53 +0.11 198 27 PANDOULAS 70 EMUL +

1.8 +0.2 108 SHAKLEE 64 HLBC -+

1.7 +£0.2 ROE 61 HLBC +

15 +0.2 28 TAYLOR 50 EMUL +

27 |ncludes events of TAYLOR 59.
Earlier experiments not averaged.

r(z+ x070) /I (x+x9) Mo/lo
VALUE EVTS DOCUMENT ID TECN CHG COMMENT
0.0840+0.0013 OUR FIT Error includes scale factor of 1.1.

e o o We do not use the following data for averages, fits, limits, etc. ® o @
0.081 40.005 574 29 LUCAS 738 HBC —  Dalitz pairs only

29LUCAS 738 gives N(w2x0) = 574 + 59%, N(2r) = 3564 + 3.1%. We quote
O.5N(7r27r0)/N(27r) where 0.5 is because only Dalitz pair 70's were used.

M(at 070 /r(zxtata™) Mo/l
VALUE EVTS DOCUMENT ID TECN CHG  COMMENT
0.314+0.005 OUR FIT Error includes scale factor of 1.1.

0.3030.009 2027 BISI 65 BC + HBC+HLBC

o o o We do not use the following data for averages, fits, limits, etc. o o o

0.393+0.099 17 YOUNG 65 EMUL +
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r(1l'+ at 1I'—)/rt°1;a| I'11/r
VALUE (units 1072) EVTS DOCUMENT ID TECN CHG COMMENT
5.5904+0.031 OUR FIT Error includes scale factor of 1.1.

e o o We do not use the following data for averages, fits, limits, etc. o o @

5.56 40.20 2330 30 CHIANG 72 OSPK +  1.84 GeV/c Kt
5.34 +0.21 693 31 PANDOULAS 70 EMUL +

571 +0.15 DEMARCO 65 HBC

6.0 =+0.4 44 YOUNG 65 EMUL +

5.54 +0.12 2332 CALLAHAN 64 HLBC +

51 +0.2 540 SHAKLEE 64 HLBC +

57 =+0.3 ROE 61 HLBC +

30 - - 0
Value E)s 0not mdependgnt of CHIANG 72 I'(O,u+ Vu)/rtotal' I'(7r+7r )/Tiotal:
I'(7r+7r ) /Tiotal T(7 pt Vp)/rtotalv and I'(7 e+’/e)/rtotal'

31 Includes events of TAYLOR 59.

Leptonic and semileptonic modes with photons

r(ﬂ«+ Vu 'Y) /Ttotal M2/

VALUE (units 1073) EVTS DOCUMENT ID TECN CHG COMMENT

6.210.8 OUR AVERAGE

6.6+1.5 3233pDEMIDOV 90 XEBC P(u) <231.5
MeV/c

6.040.9 BARMIN 88 HLBC +  P(u) <2315
MeV/c

o o o We do not use the following data for averages, fits, limits, etc. ® o o

3.5+0.8 33,34 DEMIDOV 90 XEBC E(y) > 20 MeV

3.240.5 57  35BARMIN 88 HLBC +  E(v) >20 MeV

5.4-+0.3 36 AKIBA 85 SPEC P(u) <231.5
MeV/c

32 P(u) cut given in DEMIDOV 90 paper, 235.1 MeV/c, is a misprint according to authors
(private communication).

33 DEMIDOV 90 quotes only inner bremsstrahlung (IB) part.

34 Not independent of above DEMIDOV 90 value. Cuts differ.

35 Not independent of above BARMIN 88 value. Cuts differ.

36 Assumes p~€e universality and uses constraints from K — ev~.

[(utvu7(SDT)) /Tiotal M13/T
Structure-dependent part with +~ helicity (SD+ term). See the “Note on I

€iV7 and KT — Eil/w Form Factors” in the 7% section of the Particle Data
Listings above.

VALUE (units 1079) CL% DOCUMENT ID TECN
<3.0 90 AKIBA 85 SPEC
I'(u"‘ Vp’Y(SD+|NT)) /Ttotal F14/T

Interference term between internal Bremsstrahlung and SDT term. See the “Note on
= E:tz/fy and KT — E:tz/fy Form Factors’ in the mT section of the Particle
Data Listings above.

VALUE (units 10~5) CL% DOCUMENT ID TECN

<27 90 AKIBA 85 SPEC
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Mpt v, 7(SD™ + SD~INT)) /T total M/l

Sum of structure-dependent part with —v helicity (SD™ term) and interference term
between internal Bremsstrahlung and SD™ term. See the “Note on ot - ot v~y and
KE — E:tufy Form Factors” in the 7= section of the Particle Data Listings above.

VALUE (units 10~%) CLY% DOCUMENT ID TECN
<2.6 90 37 AKIBA 85 SPEC
37 Assumes p~€e universality and uses constraints from K — ev~.
r(e+ Ve'Y(SD+))/rtotal M6/T

Structure-dependent part with 4+~ helicity (SDT term). See the “Note on t -
Ziu’y and KT — E:tz/’y Form Factors” in the 7T section of the Particle Data
Listings above.

VALUE (units 1075) CL% DOCUMENT ID TECN CHG COMMENT

e o o We do not use the following data for averages, fits, limits, etc. o o @

<7.1 90 MACEK 70 OSPK +  P(e) 234-247
I(etvey(SDY))/T (et ve) M6/l

Structure-dependent part with 4+~ helicity (SD+ term). See the “Note on at -
Ziu’y and KT — E:tz/’y Form Factors” in the 7T section of the Particle Data

Listings above.
VALUE EVTS DOCUMENT ID TECN  CHG COMMENT

e o o We do not use the following data for averages, fits, limits, etc. o o @

1.05T0-22 56 38 HEARD 75 SPEC +  P(e) 236-247

38 This value is included in the first HEINTZE 79 value in the section on T (et 1,~v(SDT))/
r(,u+ V'u,) above.

(et vev(SDT))/T(utvy) M6/I2
Structure-dependent part with +~ helicity (SD+ term). See the “Note on at -

Ftuw and KT — Eil/w Form Factors” in the 7T section of the Particle Data
Listings above.

VALUE (units 1075) EVTS DOCUMENT ID TECN CHG
2.40+0.36 107 39 HEINTZE 79 SPEC +

e o o We do not use the following data for averages, fits, limits, etc. e o @
2.3340.42 51 39 HEINTZE 79 SPEC +

39 First HEINTZE 79 result is second combined with HEARD 75 result from section
r(e+ Vefy(SD+))/r(e+ Vo) below.

I(etvev(SD™))/ltotal M7/l

Structure-dependent part with —~ helicity (SD™ term). See the “Note on ot
Ziu’y and KT — E:tz/’y Form Factors” in the 7T section of the Particle Data
Listings above.

VALUE (units 1074) CL% DOCUMENT ID TECN CHG
<1.6 90 40 HEINTZE 79 SPEC +

40 Implies (axial vector/vector) amplitude ratio outside range from —1.8 to —0.54.

—
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M(7%etvey)/T(n0et ve) Ms/T3
VALUE (units 1072) EVTS DOCUMENT ID TECN CHG COMMENT
0.54+0.04 OUR AVERAGE Error includes scale factor of 1.1.
0.4640.08 82 41 BARMIN 91 XEBC E(y) > 10
MeV, 0.6 <
80;06 v <
0.56+0.04 192 42BOLOTOV 868 CALO —  E(y) >10 MeV
e o o We do not use the following data for averages, fits, limits, etc. o o @
1.51+0.25 82 41 BARMIN 91 XEBC E(y) > 10 MeV,
costl, v <
0.98
0.4840.20 16 43 LJUNG 73 HLBC +  E(v) >30 MeV
0.2215-13 43 L JUNG 73 HLBC +  E(y) >30 MeV
0.7640.28 13 4 ROMANO 71 HLBC E(~) >10 MeV
0.5340.22 44ROMANO 71 HLBC +  E(v) >30 MeV

41 BARMIN 91 quotes branching ratio MK — eﬂ'ou’y)/ra”. The measured normalization
is [M(K — er0 v) + (K — w77 77)]. For comparison with other experiments we
used (K — er0 v)/T 41 = 0.0482 to calculate the values quoted here.

42 cosf(e~y) between 0.6 and 0.9.

3 First LJUNG 73 value is for cosf(ey) <0.9, second value is for cosf(e~y) between 0.6
and 0.9 for comparison with ROMANO 71.
44 Both ROMANO 71 values are for cosf(e~y) between 0.6 and 0.9. Second value is for

comparison with second LJUNG 73 value. We use lowest E(y) cut for Summary Table
value. See ROMANO 71 for E’Y dependence.

r(ﬂ.O et Ve'Y(SD)) /Ttotal M1o/T
Structure-dependent part.
VALUE (units 10~5) CL% DOCUMENT ID TECN  CHG
<5.3 90 BOLOTOV 868 CALO —
I'(7r 0yt Vu ’Y) /Ttotal F20/T
VALUE (units 1075) CL% EVTS DOCUMENT ID TECN CHG COMMENT
2.440.5+0.6 125 SHIMIZU 06 K470 + E’Y >30 MeV;,
O
@;w >20
o o o We do not use the following data for averages, fits, limits, etc. ® o o
<6.1 90 0 LJUNG 73 HLBC + E(y) >30 MeV
r(ﬂ.O mOet Ve 'Y)/rtotal M2 /T
VALUE (units 1076) CL% EVTS DOCUMENT ID TECN CHG COMMENT
<5 90 0 BARMIN 92 XEBC + E’Y > 10 MeV

Hadronic modes with photons

(7 + 7%9) /Ttotal M2/l
VALUE (units 1074) CL% EVTS DOCUMENT ID TECN CHG COMMENT
2.75+0.15 OUR AVERAGE
2.71+0.45 140 BOLOTOV 87 WIRE - T7w— 55-90 MeV
2.87+0.32 2461 SMITH 76 WIRE =+ T7T:t 55—-90 MeV
2.71+0.19 2100 ABRAMS 72 ASPK 4+ T7‘r+ 55—-90 MeV
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e o o We do not use the following data for averages, fits, limits, etc. o o o

15 T34 45 | JUNG 73 HLBC
26 T13 45 | JUNG 73 HLBC
6.8 731 17 45 LJUNG 73 HLBC
2.4 £0.8 24 EDWARDS 72 OSPK
<1.0 0 A46MALTSEV 70 HLBC
<1.9 90 0 EMMERSON 69 OSPK
22 £0.7 18 CLINE 64 FBC

45 The LJUNG 73 values are not independent.

_|_

_|_

_|_

+

+

Tnt 55-80 MeV
Tnt 55-90 MeV

Tnt 55-102 MeV

Trt 58-90 MeV
TrT <55 MeV
TrT 55-80 MeV
Trt 55-80 MeV

46 MALTSEV 70 selects low 7+ energy to enhance direct emission contribution.

I'(1r+ 71'0’7 (DE)) /Ttotal

Ma3/T

Direct emission (DE) part of '(r T 70+) /I ia), assuming that interference (INT)

component is zero.

VALUE (units 1076) EVTS DOCUMENT ID TECN CHG COMMENT
4.440.7 OUR AVERAGE

3.74+3.94+1.0 930 UVAROV 06 ISTR — T 55-90 MeV
3.241.3+1.0 4k 4T ALIEV 03 K470 +  TxT 55-90 MeV
4.740.840.3 20k 43 ADLER 00C B787 +  TxT 55-90 MeV
o o o We do not use the following data for averages, fits, limits, etc. ® o o
6.1+2.5+1.9 4k 4T ALIEV 03 K470 +  Txt full range
20.5+4.67 39 BOLOTOV 87 WIRE —  Ta~ 55-90 MeV
15.643.545.0 ABRAMS 72 ASPK 4+  TxT 55-90 MeV

47 ALIEV 03 “T#T full range” result is extrapolated from their T >35 MeV measurement.
They calculate the “Trt 55-90 MeV" result for comparison with other experiments.

They measure the INT component to be (—0.581_8'

(IB) component. The DE component is measured assuming INT=0.

g%)% of the inner bremsstrahlung

48 ADLER 00C measures the INT component to be (—0.4 + 1.6)% of the inner bremsstrah-
lung (IB) component. The DE component is measured assuming INT=0.

N Cas 7070 ¥)/T(x* 70 1r°) M24/M10
VALUE (units 1074) DOCUMENT ID TECN CHG COMMENT
43t32 BOLOTOV 85 SPEC —  E(y) > 10 MeV
M(rt ot ™) /Motal Ma5/T
VALUE (units 1074) EVTS DOCUMENT ID TECN CHG COMMENT
1.04+0.31 OUR AVERAGE

1.10+0.48 7 BARMIN 89 XEBC E(y) > 5 MeV
1.0 +0.4 STAMER 65 EMUL +  E(y) >11 MeV
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r(7r+'77)/ Mtotal 26/
VALUE (units 1077) CL% EVTS DOCUMENT ID TECN CHG COMMENT
11+ 3 +1 31 *9KITCHING 97 B787
e o o We do not use the following data for averages, fits, limits, etc. o o @
< 0.083 90 50 ARTAMONOV 05 B949 +  P_,>213MeV/c |
< 10 90 0 ATIYA 90B B787 Tm 117-127 MeV
< 84 90 0 ASANO 82 CNTR + Tm 117-127 MeV
—4204+520 0 ABRAMS 77 SPEC + Tr <92 MeV
< 350 90 0 LJUNG 73 HLBC + 6-102, 114-127
< 500 90 0 KLEMS 71 OSPK + Tﬂ'Mz\l/17 MeV
—100+600 CHEN 68 OSPK + Tm 60-90 MeV

49KITCHING 97 is extrapolated from their model-independent branching fraction (6.0 +
1.5+0.7) x 10— for 100 MeV/C<P7r+ < 180 MeV/c using Chiral Perturbation Theory.

50 ARTAMONOV 05 limit assumes ChPT with &= 1.8 with unitarity corrections. With &=
1.6 and no unitarity corrections they obtain < 2.3 X 10~8 at 90% CL. This partial

branching ratio is predicted to be 6.10 x 10~9 and 0.49 x 109 for the cases with and
without unitarity correction.

[(7* 37) /Teotal Fa7/T
Values given here assume a phase space pion energy spectrum.

VALUE (units 1074) CL% DOCUMENT ID TECN CHG COMMENT

<1.0 90 ASANO 82 CNTR + T(m) 117-127

e o o We do not use the following data for averages, fits, limits, etc. o o .MeV

<3.0 90 KLEMS 71 OSPK + T(w) >117 MeV

Leptonic modes with £Z pairs

M(etvevp) /T (et ve) s/l
VALUE CL% EVTS DOCUMENT ID TECN CHG
<3.8 90 0 HEINTZE 79 SPEC +
r(N+ Vy Vﬁ) /Ttotal F2o/T
VALUE (units 1070)  c1.% EVTS DOCUMENT ID TECN  CHG
<6.0 90 0 °lpanc 73 CNTR +
51 PANG 73 assumes 1 spectrum from v-v interaction of BARDIN 70.
r(e+ veet e-)/l-total F30/T
VALUE (units 1078) EVTS DOCUMENT ID TECN CHG COMMENT
2.48+ 0.14+0.14 410 POBLAGUEV 02 B865 + Mg e >150 MeV
e o o We do not use the following data for averages, fits, limits, etc. o o @
20 #+20 4 DIAMANT-... 76 SPEC + m 4 o >140
MeV
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Mt yyet €”)/Teotal M31/T
VALUE (units 1078) EVTS DOCUMENT ID TECN CHG COMMENT
7.06+ 0.161+0.26 2.7k POBLAGUEV 02 B865 + mg o >145 MeV
e o o We do not use the following data for averages, fits, limits, etc. o o @
100 +30 14 DIAMANT-... 76 SPEC -+ m i >140
MeV

r(e+ veu™ IJ_)/rtotaI M3/
VALUE (units 10~8) CL% DOCUMENT ID TECN

1.72+0.45 MA 06 B865
e o o We do not use the following data for averages, fits, limits, etc. o o @
<50 90 ADLER 98 B787
Mt vupt p™) /Tiotal M3/l
VALUE (units 1077) CL% DOCUMENT ID TECN CHG
<4.1 90 ATIYA 89 B787 +

— Lepton Family number (LF), Lepton number (L), AS = AQ (SQ) —

violating modes, or AS = 1 weak neutral current (51) modes

Test of AS = AQ rule.

VALUE (units 10°7)  CL% EVTS DOCUMENT ID TECN  CHG

e o o We do not use the following data for averages, fits, limits, etc. o o o

< 9.0 95 0 SCHWEINB... 71 HLBC +

< 6.9 95 0 ELY 69 HLBC -+

<20. 95 BIRGE 65 FBC +

Mrtate v,)/M(ntn~etwe) 34/l
Test of AS = AQ rule.

VALUE (units 1074) CL% EVTS DOCUMENT ID TECN

< 3 90 3 92BLOCH 76 SPEC

e o o We do not use the following data for averages, fits, limits, etc. o o @

<130. 95 0 BOURQUIN 71 ASPK

52 BLOCH 76 quotes 3.6 x 1074 at CL = 95%, we convert.

r(7r+ at I Vu) /Ttotal I3s/T
Test of AS = AQ rule.

VALUE (units 1076) CL% EVTS DOCUMENT ID TECN CHG

<3.0 95 0 BIRGE 65 FBC +

M(ztete™)/Miotal 36/l

Test for AS = 1 weak neutral current. Allowed by combined first-order weak and
electromagnetic interactions.

VALUE (units 1077) EVTS DOCUMENT ID TECN CHG
2.88+0.13 OUR AVERAGE

2.94+40.0540.14 10300 93 APPEL 99 SPEC +
2.754+0.2340.13 500 94 ALLIEGRO 92 SPEC +
2.7 405 41 S5 BLOCH 75 SPEC +
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53 APPEL 99 establishes vector nature of this decay and determines form factor f{Z)=
fo(1482), Z=M2 ,/m3, 6=2.14 + 0.13 + 0.15.
54 ALLIEGRO 92 assumes a vector interaction with a form factor given by A = 0.105 +

0.035 £ 0.015 and a correlation coefficient of —0.82.
55 BLOCH 75 assumes a vector interaction.

M7t ut u™) /Tiotal l37/T
Test for AS = 1 weak neutral current. Allowed by higher-order electroweak interac-
tions.

VALUE (units 1078) CL% EVTS DOCUMENT ID TECN CHG

8.1 £1.4 OUR AVERAGE Error includes scale factor of 2.7. See the ideogram
below.
9.8 £1.0 £05 110 50 pARK 02 HYCP =+
9.2240.60+0.49 402 ST MA 00 B865 +
5.0 £0.4 £0.9 207 S8 ADLER 97C B787 +
e o o We do not use the following data for averages, fits, limits, etc. e o @
9.7 +1.2 +0.4 65 PARK 02 HYCP +
10.0 £1.9 +0.7 35 PARK 02 HYCP -
<23 90 ATIYA 890 B787 +

56 PARK 02 “+” result comes from combining Kt - ot ,u"' u~ and KT — 71'_,1[" uwo,
assuming CP is conserved.

5T MA 00 establishes vector nature of this decay and determines form factor f{Z)=

A2 2 s—nas+1.30
fo(1+62), Z=M>, | /mi, 6=2.45T 350, .

58 ADLER 97¢ gives systematic error 0.7 X 10~8 and theoretical uncertainty 0.6 X 10_8,
which we combine in quadrature to obtain our second error.

WEIGHTED AVERAGE
8.1+1.4 (Error scaled by 2.7)

|

2
X
02 HYCP 23
00 B865 2.1
97C B787 _10.0
14.3
(Confidence Level 0.001)
J

0 5 10 15 20

r(W_'_ H+ N_)/rtotal I_?)7/'_

HTTP://PDG.LBL.GOV Page 36 Created: 7/6/2006 16:35



Citation: W.-M. Yao et al. (Particle Data Group), J. Phys. G 33, 1 (2006) (URL: http://pdg.Ibl.gov)

[(7t vD) /Total F3g/T
Test for AS = 1 weak neutral current. Allowed by higher-order electroweak interac-
tions. Branching ratio values are extrapolated from the momentum or energy regions
shown in the comments assuming Standard Model phase space except for those labeled
“Scalar” or “Tensor” to indicate the assumed non-Standard-Model interaction.

VALUE (units 1079) CL% EVTS DOCUMENT ID TECN CHG COMMENT
0.147+0:-139 3 59 ANISIMOVSK..04 BO49 +  211<P_ <229
) MeV/c
e o o We do not use the following data for averages, fits, limits, etc. e o @
< 22 90 60 ADLER 04 B787 +  140<P_ <195
MeV/c
+0.175
0.157 " 5053 2 ADLER 02 B787 P, >211 MeV/c
< 42 90 1 ADLER 02¢ B787 140<P, <195
MeV/c
< 47 90 ADLER 02Cc B787 Scalar
< 25 90 ADLER 02C B787 Tensor
0.15 +3-32 1 ADLER 00 B787 In ADLER 02
0.42 7097 1 ADLER 97 B787
< 24 90 ADLER 96 B787
< 75 90 ATIYA 93 B787 +  T(m)115-127
MeV
< 5.2 90 61 ATIVA 93 B787 +
< 17 90 0 ATIYA 938 B787 +  T(x) 60-100 MeV
< 34 90 ATIYA 90 B787 +
<140 90 ASANO 818 CNTR +  T(r) 116-127

MeV

59 Value obtained combining the previous E787 result ADLER 02 with 2 evts and the present
E949 with 1 evt. The additional event has a signal-to-background ratio 0.9.

60 Value obtained combining the previous result ADLER 02C with 1 event and the present
result with 0 events to obtain an expected background 1.22 + 0.24 evts and 1 evt

observed.
61 Combining ATIYA 93 and ATIYA 938 results. Superseded by ADLER 96.

M (7t 7%07) /Tioal l39/T
Test for AS = 1 weak neutral current. Allowed by higher-order electroweak interac-
tions.

VALUE (units 10~5) CL% DOCUMENT ID TECN

<4.3 90 62 ADLER 01 SPEC

62 Search region defined by 90 MeV/c<Pﬂ_+ <188 MeV/c and 135 MeV<E <180 MeV.

Mp-vetet)/M(ntn~etwe) F40/T6
Test of lepton family number conservation.

VALUE (units 1073)  CL% EVTS DOCUMENT ID TECN  CHG

<0.5 90 0 O3DIAMANT-.. 76 SPEC +

63 DJAMANT-BERGER 76 quotes this result times our 1975 71T 7~ ev BR ratio.

HTTP://PDG.LBL.GOV Page 37 Created: 7/6/2006 16:35



Citation: W.-M. Yao et al. (Particle Data Group), J. Phys. G 33, 1 (2006) (URL: http://pdg.Ibl.gov)

r(N+ Ve)/rtotal Fa1/T
Forbidden by lepton family number conservation.

VALUE CL% EVTS DOCUMENT ID TECN CHG COMMENT

<0.004 90 0 % Lyons 81 HLBC 0 200 GeV Kt nar-
row band v
beam

e o o We do not use the following data for averages, fits, limits, etc. e o @

<0.012 90 64 COOPER 82 HLBC Wideband v beam

64 COOPER 82 and LYONS 81 limits on Ve observation are here interpreted as limits on
lepton family number violation in the absence of mixing.

(7t pte™)/Miotal Fa2/T
Test of lepton family number conservation.

VALUE (units 10~ 10) cL% DOCUMENT ID TECN  CHG

<0.13 90 65 SHER 05 RVUE +

e o o We do not use the following data for averages, fits, limits, etc. ® o o

<0.21 90 SHER 05 E865 +

<0.39 90 APPEL 00 B865 +

<2.1 90 LEE 90 SPEC +

65 This result combines SHER 05 1998 data, APPEL 00 1996 data, and data from
BERGMAN 97 and PISLAK 97 theses, all from BNL-E865, with LEE 90 BNL-E777

data.
(7t p~ et)/Miotal Fa3/T
Test of lepton family number conservation.
VALUE (units 10°10) 1% EVTS DOCUMENT ID TECN  CHG
< 5.2 90 0 APPEL 00B B865 +
e o o We do not use the following data for averages, fits, limits, etc. ® o o
<70 90 0 O®DIAMANT-.. 76 SPEC +

66 Measurement actually applies to the sum of the T n- et and 7~ ,u+ e modes.

(7~ ptet)/Miotal Faa/T
Test of total lepton number conservation.

VALUE (units 10°10) 1% EVTS DOCUMENT ID TECN  CHG

< 5.0 90 0 APPEL 00B B865 +

e o o We do not use the following data for averages, fits, limits, etc. ® o o

<70 90 0 ©S7DIAMANT-.. 76 SPEC +

67 Measurement actually applies to the sum of the T n- et and 7~ ,u+ e modes.

r(ﬂ'— et e"‘)/l'tota| I'45/r
Test of total lepton number conservation.

VALUE CL% EVTS DOCUMENT ID TECN CHG

<6.4x10~10 oo 0 APPEL 008 B865 -+

e o o We do not use the following data for averages, fits, limits, etc. e o @

<9.2x 1079 90 0 DIAMANT-... 76 SPEC +

<15x107° CHANG 68 HBC —
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(7~ pt %) /Teotal Fa6/T
Forbidden by total lepton number conservation.

VALUE CL% EVTS DOCUMENT ID TECN CHG

<3.0x1079 90 0 APPEL 008 B865 -+

e o o We do not use the following data for averages, fits, limits, etc. o o @

<15x107% 90 68 | ITTENBERG 92 HBC

68 | ITTENBERG 92 is from retroactive data analysis of CHANG 68 bubble chamber data.

r(lf'- 7e) /Ttotal Faz7/T
Forbidden by total lepton number conservation.

VALUE (units 1073) CL% DOCUMENT ID TECN COMMENT

<33 90 69 COOPER 82 HLBC Wideband v beam

69 COOPER 82 limit on U, observation is here interpreted as a limit on lepton number
violation in the absence of mixing.

0. .+—
r(ﬂ' et Ve)/rtotal lag/T
Forbidden by total lepton number conservation.
VALUE CL% DOCUMENT ID TECN COMMENT
<0.003 90 70 COOPER 82 HLBC Wideband v beam

70 COOPER 82 limit on U, observation is here interpreted as a limit on lepton number
violation in the absence of mixing.

F(7% ) /Ttotal lag/T
Violates angular momentum conservation and gauge invariance. Current interest in
this decay is as a search for non-commutative space-time effects as discussed in AR-
TAMONOV 05 and for exotic physics such as a vacuum expectation value of a new
vector field, non-local Superstring effects, or departures from Lorentz invariance, as
discussed in ADLER 02B.

VALUE (units 10-9) cL% DOCUMENT ID TECN  CHG

< 23 90 ARTAMONOV 05 B949 +

e o o We do not use the following data for averages, fits, limits, etc. e o @
< 360 90 ADLER 028 B787 +
<1400 90 ASANO 82 CNTR +

<4000 90 71 KLEMS 71 OSPK +

71 Test of model of Selleri, Nuovo Cimento 60A 291 (1969).

K+ LONGITUDINAL POLARIZATION OF EMITTED pt

VALUE CL% DOCUMENT ID TECN CHG COMMENT
<—0.990 90 72 AOKI 94 SPEC +
e o o We do not use the following data for averages, fits, limits, etc. o o @
<—0.990 90 IMAZATO 92 SPEC +  Repl. by AOKI 94
—0.9704-0.047 3YAMANAKA 86 SPEC +
~1.0 +0.1 73 CUTTS 69 SPRK +
—0.96 +0.12 73COOMBES 57 CNTR +
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72 AOKI 94 measures ¢P, =—0.9996 + 0.0030 + 0.0048. The above limit is obtained by

summing the statistical and systematic errors in quadrature, normalizing to the physically
significant region (‘§PH’ < 1) and assuming that £=1, its maximum value.

73 Assumes £=1.

DALITZ PLOT PARAMETERS FOR
K — 3™ DECAYS

Revised 1999 by T.G. Trippe (LBNL).

The Dalitz plot distribution for K+ — nfrtgsT, K+ —

7079 % and Kg — mt7~ 70 can be parameterized by a series
expansion such as that introduced by Weinberg [1]. We use the

form

2
S — S Sq — S
o<1—|—97(3 5 O)+h[ 5 0]
m2, m2,

juf

+J
2 2
me mey

(o) fon]

(s2 — s1) (s3 — 50)
+f 5 5 —|— cee (1)
mZ m-,
where m72r4r has been introduced to make the coefficients g, h,
j, and k dimensionless, and

si=(Px — P)? = (mg —my)® = 2mgT; | i=1,2,3,

sp = %;sz = %(m%+m%+m%+m§)
Here the P; are four-vectors, m; and T; are the mass and kinetic
energy of the i pion, and the index 3 is used for the odd pion.

The coefficient g is a measure of the slope in the variable s3
(or T3) of the Dalitz plot, while h and k measure the quadratic
dependence on s3 and (s2 — $1), respectively. The coefficient j

is related to the asymmetry of the plot and must be zero if CP
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invariance holds. Note also that if C'P is good, ¢, h, and k£ must
be the same for K* — 7tnTn~ asfor K~ — 7 7 7', )

M‘ , in
order to compare the experiments we have converted to g, h,

Since different experiments use different forms for

j, and k whatever coefficients have been measured. Where such
conversions have been done, the measured coefficient ay, a;, ay,
or a, is given in the comment at the right. For definitions of
these coefficients, details of this conversion, and discussion of
the data, see the April 1982 version of this note [2].

References

1. S. Weinberg, Phys. Rev. Lett. 4, 87 (1960).
2. Particle Data Group, Phys. Lett. 111B, 69 (1982).

ENERGY DEPENDENCE OF K* DALITZ PLOT

’matrix element‘2 =1+ gu+ hu? + k2
where u = (s3 — sq) / m72T and v=(sp —s1)/ m72T

LINEAR COEFFICIENT g, FOR Kt — gntatga—

Some experiments use Dalitz variables x and y. In the comments we give a,, =
coefficient of y term. See note above on “Dalitz Plot Parameters for K — 3x
Decays.” For discussion of the conversion of a, to g, see the earlier version of the

same note in the Review published in Physics Letters 111B 70 (1982).

VALUE EVTS DOCUMENT ID TECN CHG COMMENT
b-e(I)(;a/154:|:0.0035 OUR AVERAGE Error includes scale factor of 1.4. See the ideogram
—0.2221+0.0065 225k DEVAUX 77 SPEC +  a,=.2814 + .0082
—0.2157-40.0028 750k FORD 72 ASPK +  a,=.2734 £ .0035
—0.200 40.009 30819 "4 HOFFMASTER72 HLBC +

e o o We do not use the following data for averages, fits, limits, etc. o o @

—0.196 40.012 17898 /> GRAUMAN 70 HLBC + a,,=0.228 + 0.030
—0.218 +0.016 9994  7® BUTLER 68 HBC 4+  a,=0.277 £ 0.020
—0.22 40.024 5428 76,77 ZINCHENKO 67 HBC + a,=0.28 + 0.03

"4 HOFFMASTER 72 includes GRAUMAN 70 data.
75 Emulsion data added — all events included by HOFFMASTER 72.

76 Experiments with large errors not included in average.
7T Also includes DBC events.
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WEIGHTED AVERAGE
-0.2154+0.0035 (Error scaled by 1.4)

|

2
X

»»»»»»»»»»»»»» DEVAUX 77 SPEC 1.0
----------- FORD 72 ASPK 0.0
———+—> HOFFMASTER 72 HLBC _ 2.9
4.0

(Confidence Level = 0.135)

| | | |
-0.23 -0.22 -0.21 -0.2 -0.19 -0.18

Linear energy dependence for KT = atatra™

QUADRATIC COEFFICIENT h FOR Kt — zntata~

VALUE EVTS DOCUMENT ID TECN CHG
0.012 +0.008 OUR AVERAGE Error includes scale factor of 1.4. See the ideogram
below.
—0.000640.0143 225k DEVAUX 77 SPEC +
0.0187+0.0062 750k FORD 72 ASPK +
—0.009 +0.014 39819 HOFFMASTER72 HLBC +
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WEIGHTED AVERAGE

0.012+0.008 (Error scaled by 1.4)

2

X
- DEVAUX 77 SPEC 0.8
- FORD 72 ASPK 1.1

"""""" HOFFMASTER 72 HLBC _ 2.3

4.2
(Confidence Level = 0.123)
| J

-0.04 -0.02 0

0.02 0.04 0.06

Quadratic coefficient h for Kt = atrotna™

QUADRATIC COEFFICIENT k FOR Kt — ntata—

VALUE EVTS DOCUMENT ID TECN CHG
—0.0101+0.0034 OUR AVERAGE Error includes scale factor of 2.1. See the ideogram
below.

—0.0205+0.0039 225k DEVAUX 77 SPEC +

—0.00754+0.0019 750k FORD 72 ASPK +

—0.0105+0.0045 39819 HOFFMASTER72 HLBC +
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WEIGHTED AVERAGE
-0.0101+0.0034 (Error scaled by 2.1)

2

X

"""""""" DEVAUX 77 SPEC 7.2
-\ FORD 72 ASPK 1.8
HOFFMASTER 72 HLBC _ 0.0

9.0

(Confidence Level =0.011)
| | J

-0.03 -0.0212 -0.0125 -0.0037 0.005

Quadratic coefficient k for KT = atrotn™

LINEAR COEFFICIENT g_. FORK~ — n~wn~—xt

Some experiments use Dalitz variables x and y. In the comments we give a,, =
coefficient of y term. See note above on “Dalitz Plot Parameters for K — 3x
Decays.” For discussion of the conversion of ay to g see the earlier version of the

same note in the Review published in Physics Letters 111B 70 (1982).

VALUE EVTS DOCUMENT ID TECN  CHG COMMENT

—0.217 +0.007 OUR AVERAGE Error includes scale factor of 2.5.

—0.21864+0.0028 750k FORD 72 ASPK — ay:.2770 + .0035
—0.193 4+0.010 50919 MAST 69 HBC — ay:0.244 + 0.013
e o o We do not use the following data for averages, fits, limits, etc. o o @

—0.199 4+0.008 81k 78 L UCAS 73 HBC — ay:0.252 + 0.011
—0.190 +0.023 5778 1980 MOSCOSO 68 HBC -  a,=0.242 4 0.029
—0.220 £0.035 1347 8l FERRO-LUZZI 61 HBC — a,=0.28 + 0.045

0

78Quadratic dependence is required by KL experiments. For comparison we average only

those KT experiments which quote quadratic fit values.
79 Experiments with large errors not included in average.

80 Also includes DBC events.
81 No radiative corrections included.

QUADRATIC COEFFICIENT hFOR K~ — n~wn—wt

VALUE EVTS DOCUMENT ID TECN  CHG
0.010 +0.006 OUR AVERAGE
0.012540.0062 750k FORD 72 ASPK —
—0.001 £0.012 50919 MAST 69 HBC —
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QUADRATIC COEFFICIENT kFOR K~ — w~wn~ wt

VALUE EVTS DOCUMENT D TECN  CHG
—0.0084+0.0019 OUR AVERAGE

—0.0083£0.0019 750k FORD 72 ASPK —
—0.014 £0.012 50919 MAST 69 HBC —

(e+ — 8-) / (84 +8-) FOR KX - rtatg—

A nonzero value for this quantity indicates CP violation.

VALUE (units 1074) EVTS DOCUMENT ID TECN
1.5+ 2.9 OUR AVERAGE
1.7+ 21420 1.7G 82 BATLEY 06 NA48
—70.0453 3.2M FORD 70 ASPK

82 This measurement neglects any possible charge asymmetry in higher order slope param-
eters h or k.

LINEAR COEFFICIENT g FOR K* — nt 7070

Unless otherwise stated, all experiments include terms quadratic
in(s3 —sq) / m2+. See note above on “Dalitz Plot Parameters for K — 37 Decays.”
T

See BATUSOV 98 for a discussion of the discrepancy between their result and others,
especially BOLOTOV 86. At this time we have no way to resolve the discrepancy so
we depend on the large scale factor as a warning.

VALUE EVTS DOCUMENT ID TECN  CHG  COMMENT
0.626 +0.007 OUR AVERAGE
0.6259+0.0043+0.0093 493k AKOPDZHAN..05B TNF =+

0.627 +0.004 +0.010 252k 8384 AJINENKO 03B ISTR —
e o o We do not use the following data for averages, fits, limits, etc. ® o o

0.736 £0.014 =+0.012 33k BATUSOV 98 SPEC +
0.582 +0.021 43k BOLOTOV 86 CALO —
0.670 +0.054 3263 BRAUN 768 HLBC +
0.630 +0.038 5635 SHEAFF 75 HLBC +
0.510 +0.060 27k SMITH 75 WIRE +
0.67 +0.06 1365 AUBERT 72 HLBC +
0.544 +0.048 4048 DAVISON 69 HLBC + Also emulsion

83 Measured using in-flight decays of the 25 GeV negative secondary beam.
84 They form new world averages g_ = (0.617 £ 0.018) and g = (0.684 + 0.033) which
give Ag_, = 0.051 + 0.028.

QUADRATIC COEFFICIENT h FOR K* — ntx070

VALUE EVTS DOCUMENT D TECN  CHG COMMENT
0.052 +0.008 OUR AVERAGE
0.0551+0.0044+0.0086 493k AKOPDZHAN..05B TNF £

0.046 +0.004 +0.012 252k 85 AJINENKO 03B ISTR —
e o o We do not use the following data for averages, fits, limits, etc. o o @

0.128 £0.015 +0.024 33k BATUSOV 98 SPEC +
0.037 £0.024 43k BOLOTOV 86 CALO -—
0.152 +£0.082 3263 BRAUN 768 HLBC +
0.041 £0.030 5635 SHEAFF 75 HLBC +
0.009 £0.040 27k SMITH 75 WIRE +
—0.01 =£0.08 1365 AUBERT 72 HLBC —+
0.026 £0.050 4048 DAVISON 69 HLBC + Also emulsion

85 Measured using in-flight decays of the 25 GeV negative secondary beam.
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QUADRATIC COEFFICIENT k FOR K* — ntx070

VALUE EVTS DOCUMENT ID TECN CHG
0.0054+0.0035 OUR AVERAGE Error includes scale factor of 2.5.
0.0082+0.0011+0.0014 493k AKOPDZHAN..05B TNF +

0.001 -+0.001 =0.002 252k 86 AJINENKO 03B ISTR —
e o o We do not use the following data for averages, fits, limits, etc. ® o o

0.01974+0.0045+0.0029 33k BATUSOV 98 SPEC +
86 Measured using in-flight decays of the 25 GeV negative secondary beam.

(g+ —&-) / (8+ + &) FOR K* — xt7070

A nonzero value for this quantity indicates CP violation.
VALUE (%) EVTS DOCUMENT ID TECN

0.024-0.184-0.05 619k 87 AKOPDZHAN..05 TNF

87 Asymmetry obtained assuming that g4 +g_ =2x0.652 (PDG 02) and that asymmetries
in h and k are zero.

ALTERNATIVE PARAMETERIZATION OF K* — 7t #7040 DALITZ PLOT

The following functional form for the matrix element suggested by wm
rescattering in Kt — atuatz=— at7070 is used for this fit
(CABIBBO 04A, CABIBBO 05): Matrix element = My + My where M
=1+ (1/2)gg u + (1/2) W u? with u = (s3—s0)/(m__)? and where
My takes into account the non-analytic piece due to pi pi rescattering
amplitudes ag and ay; The parameters gy and K are related to the pa-
rameters g and h of the matrix element squared given in the previous
section by the approximations g ~ gPDG and b ~ HPDG _ (g/2)2.

LINEAR COEFFICIENT gg FOR K* — 7 #07#0

VALUE EVTS DOCUMENT ID TECN CHG
0.645+0.004+0.009 23M 88 BATLEY 06B NA48 =+

88 This fit is obtained with the CABIBBO 05 matrix element in the 270 invariant mass
squared range 0.074 GeV2 < m2 < 0.007 GeV?2, assuming k = 0 (no term pro-

0
7
portional to (52—51)2) and excluding the kinematic region around the cusp (m% 0

™
= (2mﬂ_+)2 + 0.000525 GeV2). Also m—m phase shifts ag and ap are mea-

sured: (ao—az)mﬂ_+ = 0.268 + 0.010 £ 0.004 £ 0.013(external) and ap m_. =
—0.041 £ 0.022 £ 0.014.

QUADRATIC COEFFICIENT h FOR K — gE 7070

VALUE EVTS DOCUMENT ID TECN CHG
—0.0474+0.0124+0.011 23M 89 BATLEY 06B NA48 =+

89 This fit is obtained with the CABIBBO 05 matrix element in the 270 invariant mass
squared range 0.074 GeV2 < m% o < 0.097 GeV2, assuming k = 0 (no term pro-
iy

portional to (52—51)2) and excluding the kinematic region around the cusp (m% 0
7

= (2mﬂ_+)2 + 0.000525 GeV2). Also m—m phase shifts ag and a, are mea-
sured: (30—32)mﬂ_+ = 0.268 + 0.010 £ 0.004 £ 0.013(external) and ap m_y =
—0.041 £ 0.022 £ 0.014.
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K;; AND KJ, FORM FACTORS
Revised June 2006 by T.G. Trippe (LBNL).

Assuming that only the vector current contributes to K —

mlv decays, we write the matrix element as
M o< f1(t) [(Px + Pr)ulyu(1 4 75)v]
+ - (t) [mel(1 +5)v] (1)

where Pr and P, are the four-momenta of the K and =
mesons, my is the lepton mass, and fy and f_ are dimensionless
form factors which can depend only on t = (Px — Py)?, the
square of the four-momentum transfer to the leptons. If time-
reversal invariance holds, fy and f_ are relatively real. K3
experiments, discussed immediately below, measure f, and f_,
while K3 experiments, discussed further below, are sensitive
only to fi because the small electron mass makes the f_ term
negligible.

K, 3 Experiments. Analyses of K3 data frequently assume
a linear dependence of f, and f_ on t, i.e.,

fe(t) = f£(0) [T+ As(t/m21)] (2)

Most K3 data are adequately described by Eq. (2) for fi and
a constant f_ (i.e., A_ =0).

There are two equivalent parametrizations commonly used
in these analyses:
(1) X+,£(0) parametrization. Older analyses of K3 data
often introduce the ratio of the two form factors

§(t) = f-(8)/f+(t) . (3)

The K,3 decay distribution is then described by the two

parameters A4 and £(0) (assuming time reversal invariance and
A_ =0).
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(2) A4+, Ao parametrization. More recent K3 analyses have
parameterized in terms of the form factors fi and fy which are
associated with vector and scalar exchange, respectively, to the
lepton pair. fy is related to fi and f_ by

fo(t) = fi(t) + [t/(mFc —m7)] f-(2) . (4)

Here f(0) must equal fi(0) unless f_(t) diverges at ¢ = 0.
The earlier assumption that f, is linear in ¢t and f_ is constant

leads to fo linear in t:

fo(t) = fo(0) [14 Xo(t/m21)] . (5)

With the assumption that fy(0) = f1(0), the two parametriza-
tions, (A4,&(0)) and (Ay, Ag) are equivalent as long as corre-
lation information is retained. (A4, Ag) correlations tend to be
less strong than (A, &(0)) correlations.

In this edition of the Review we no longer quote results in
the (A1, &(0)) parameterization. We have removed many older
low statistics results from the listings. See the 2004 version of
this note [4] for these older results and the 1982 version [5] for
additional discussion of the K23 parameters, correlations, and
conversion between parametrizations.

Quadratic Parameterization. More recent high statistics

experiments have included a quadratic term in the expansion of

f+(t),

1

Fot) = £20) 14 Xy t/m2) + 2 a/m2 | (6)

If there is a non-vanishing quadratic term, then Ay of Eq. (2)
represents the average slope, which is then different from >\/+.
Our convention is to include the factor % in the quadratic

term and to use m,+ even for KJ; and K;Lg decays. We have
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converted other’s parameterizations to match our conventions,
as noted in the beginning of the Kj; and Kg?) Form Factors
sections of the Data Listings.

Pole Parameterization. The pole model describes the t de-
pendence of fi(t) and fy(t) in terms of the exchange of the
lightest vector and scalar K* mesons with masses M, and Mj,
respectively:

r0=20 5] wo=60 25 @

K3 Experiments. Analysis of K.3 data is simpler than that
of K,3 because the second term of the matrix element assuming
a pure vector current [Eq. (1) above| can be neglected. Here
f+ can be assumed to be linear in ¢, in which case the linear
coefficient Ay of Eq. (2) is determined, or quadratic, in which
case the linear coefficient >\/+ and quadratic coefficient )\:/r of
Eq. (6) are determined.

If we remove the assumption of a pure vector current, then
the matrix element for the decay, in addition to the terms in
Eq. (1), would contain

+2mpg fg Z(l + 75)V
+2fr/mx ) (P)APr)p L oxg(1+35)v (8)

where fg is the scalar form factor, and fr is the tensor form
factor. In the case of the K.3 decays where the f_ term can
be neglected, experiments have yielded limits on |fg/f+| and
[fr/ [+l

Fits for KysFormFactors. For K .3 data we determine best
values for the three parameterizations: linear (A\y), quadratic
()\:r, )\:/r) and pole (M,). For K,3 data we determine best val-

ues for the three parameterizations: linear (A4, Ag), quadratic
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()\:r, A:L, o)) and pole (M,, Ms). We then assume p — e uni-
versality so that we can combine K.3 and K3 data and again
determine best values for the three parameterizations: linear
(Ay, Xo), quadratic (A, AL, Ag)) and pole (M,, My). When
there is more than one parameter, fits are done including input
correlations. Simple averages suffice in the two K3 cases where
there is only one parameter: linear (A;) and pole (M, ).

Both KTeV and KLOE see an improvement in the quality
of their fits relative to linear fits when a quadratic term is
introduced, as well as when the pole parameterization is used.
The quadratic parameterization has the disadvantage that the
quadratic parameter )\/J/r is highly correlated with the linear
parameter )\/+, in the neighborhood of 95%, and that neither
parameter is very well determined. The pole fit has the same
number of parameters as the linear fit but yields slightly better
fit probabilities so that it would be advisable for all experiments
to include the pole parameterization as one of their choices [6].

The Kaon Particle Listings show the results with and
without assuming p-e universality. The Meson Summary Tables
show all of the results assuming p-e universality, but most
results not assuming p-e universality are given only in the
Listings.
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K7, FORM FACTORS

In the form factor comments, the following symbols are used.

f+ and f_ are form factors for the vector matrix element.
fs and fT refer to the scalar and tensor term.
_ 2 2
fo ="fy +f_ t/(mK+ — mﬂ_o).
t — momentum transfer to the .

/\+ and \q are the linear expansion coefficients of f_|_ and fy:
FL() = (0) 1+ Apt/m2,)
For quadratic expansion
N
F(t) = £,(0) (1 + )\/+t/m2 + 55t t2/m )
as used by KTeV. If there is a non-vanlshlng quadratic term, then A+
represents an average slope, which is then different from )\/_|_.

NA48 and ISTRA quadratic expansion coefficients are converted with

' PDG _ +42 ISTRA
Ny = ( mﬂo )< AL and
" PDG _ oy 4 v/ ISTRA

X4 =2 m77rro )t A +

ISTRA linear expansion coefficients are converted with
PDG _ (Mz+y2  ISTRA PDG _ (Mzty2 \ ISTRA

The pole parametrization is

2
fy(t) = £1(0) (

)

—t
fo(t) = fp(0) ( o)

where My, and Mg are the vector and scalar pole masses.
The following abbreviations are used:

DP = Dalitz plot analysis.

Pl = 7 spectrum analysis.

MU = pu spectrum analysis.

POL= pu polarization analysis.

BR = K:t /K branching ratio analysis.

E = posntron or electron spectrum analysis.

RC = radiative corrections.

A+ (LINEAR ENERGY DEPENDENCE OF £, IN K= «a DECAY)

These results are for a linear expansion only. See the next section for fits including a
quadratic term. For radiative correction of the K:el:3 Dalitz plot, see GINSBERG 67,
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BECHERRAWY 70, CIRIGLIANO 02, CIRIGLIANO 04, and ANDRE 04. Results la-
beled OUR FIT are discussed in the review “Ki and K23 Form Factors” above. For
earlier, lower statistics results, see the 2004 edition of this review, Phys. Lett. B592,
1 (2004).

VALUE (units 1072) EVTS DOCUMENT ID TECN CHG COMMENT

296 +0.05 OURFIT Assuming p-e universality

2.96 +0.06 OUR AVERAGE

2.966+0.0504+0.034 919k 90 YUSHCHENKOO04B ISTR —  DP
2.78 +0.26 +0.30 41k SHIMIZU 00 SPEC + DP
2.84 +0.27 +0.20 32k 91 AKIMENKO 91 SPEC PI, no RC
29 404 62k  92BOLOTOV 88 SPEC PI, no RC
e o o We do not use the following data for averages, fits, limits, etc. ® o o
3.06 £0.09 +0.06 550k 90:93 AJINENKO 03cISTR — DP
2.93 40.15 0.2 130k 93 AJINENKO 02 SPEC DP

90 Rescaled to agree with our conventions as noted above.

91 AKIMENKO 91 state that radiative corrections would raise A4 by 0.0013.
92BOLOTOV 88 state radiative corrections of GINSBERG 67 would raise Ay by 0.002.
93 Superseded by YUSHCHENKO 048.

A+ (LINEAR ENERGY DEPENDENCE OF f; IN K;':a DECAY)

Results labeled OUR FIT are discussed in the review “Ki and KO3 Form Factors”
above. For earlier, lower statistics results, see the 2004 edition of this review, Phys.
Lett. B592, 1 (2004).

VALUE (units 1072) EVTS DOCUMENT ID TECN CHG COMMENT

2.96+0.05 OUR FIT Assuming u-e universality
2.96+0.17 OUR FIT Not assuming p-e universality

2.96+0.144+0.10 540k 94 YUSHCHENKOO04 ISTR — DP
e o o We do not use the following data for averages, fits, limits, etc. ® o o
3.21+0.45 112k 9 AJINENKO 03 ISTR — DP

94 Rescaled to agree with our conventions as noted above.
9SSuperseded by YUSHCHENKO 04.

Ao (LINEAR ENERGY DEPENDENCE OF fy IN Kz:_,, DECAY)

Results labeled OUR FIT are discussed in the review “KE% and K23 Form Factors”
above. For earlier, lower statistics results, see the 2004 edition of this review, Phys.
Lett. B592, 1 (2004).

VALUE (units 1072) d\g/dAy EVTS DOCUMENT ID TECN CHG COMMENT
1.96+0.12 OUR FIT Assuming p-e universality. Correlation is dAO/dA+: —0.35.

1.96+0.13 OUR FIT Not assuming p-e universality. Correlation is d\g/dX;= —0.35.

+1.96+0.1240.06 —0.348 540k 90 YUSHCHENKOO04 ISTR — DP
o o o We do not use the following data for averages, fits, limits, etc. ® o o

+2.0940.45 046 112k 9T AJINENKO 03 ISTR — DP
+1.9 +0.64 24k 98 HORIE 01 SPEC + BR
+1.9 +1.0 +0.03 55k  99HEINTZE 77 SPEC + BR

96 Rescaled to agree with our conventions as noted above.
97 Superseded by YUSHCHENKO 04.
98 HORIE 01 assumes p-€e universality in KZ,, decay and uses SHIMIZU 00 value A=0.0278+

0.0040 from K:el:3 decay.
9 HEINTZE 77 uses A = 0.029 £ 0.003. d\g/d) estimated by us.
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A'+ (LINEAR Kf3 FORM FACTOR FROM QUADRATIC FIT)

VALUE (units 1072) EVTS DOCUMENT ID TECN CHG COMMENT
2.485+0.163+0.034  919400,101 vysSHCHENKOO48 ISTR —  DP |
e o o We do not use the following data for averages, fits, limits, etc. o o @

3.07 +0.21 55000,102 AJINENKO  03c ISTR —  DP |

100 Rescaled to agree with our conventions as noted above.

1OleSgISgIENKO 04B )\’+ and )\”+ are strongly correlated with coefficient p()\/+, A’/+) I
102 5, perseded by YUSHCHENKO 04B.

X" (QUADRATIC K%, FORM FACTOR)

VALUE (units 1072) EVTS DOCUMENT ID TECN CHG COMMENT
0.192:+0.062+0.071 919#03,104 yUSHCHENKOO048 ISTR —  DP |

e o o We do not use the following data for averages, fits, limits, etc. o o @

—05 407 +15  550k03,105 AjINENKO  03C ISTR — DP |

103 Rescaled to agree with our conventions as noted above.

104 XUSI(;ISQ_)-IENKO 04B )\’+ and )\”+ are strongly correlated with coefficient p()\/+, A’/+) I
105 5 perseded by YUSHCHENKO 04B.

|fs/f.| FOR KZ; DECAY

Ratio of scalar to f+ couplings.

VALUE (units 1072) CL% EVTS DOCUMENT ID TECN  CHG COMMENT

- 03 * 2% OUuR AVERAGE

+ 0.66 / "
— 037" 0.56i0'41 919k YUSHCHENKOO04B ISTR — A + >‘.+'
fs fit
0.2 +£ 26 £1.4 41k SHIMIZU 00 SPEC + >\+f’- fs, fr
It
o o o We do not use the following data for averages, fits, limits, etc. ® o o
+ 2.0 106
02 T 59 +0.3 550k AJINENKO 03C ISTR — >\+]£- fg, fr I
It
+ 25 106 .
- 19 " 16 130k AJINENKO 02 SPEC )\+, fg fit
70 £ 1.6 1.6 32k AKIMENKO 91 SPEC >\_|_, fs, fr,
¢ fit
0 +10 2827 107 BrRAUN 75 HLBC +
< 13 90 4017 CHIANG 72 OSPK +
+ 3 107
14 T 2 2707 STEINER 71 HLBC + >\_|_¢1;5 fr,
It
< 23 90 BOTTERILL 68C ASPK
< 18 90 BELLOTTI 678 HLBC
< 30 95 KALMUS 67 HLBC +

106 5 perseded by YUSHCHENKO 04B.
107 statistical errors only.
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|fr/f| FOR KZ; DECAY

Ratio of tensor to f_|_ couplings.

VALUE (units 10*2) CL% EVTS DOCUMENT ID TECN CHG COMMENT
— 1.2+ 2.3 OUR AVERAGE
— 124 21+ 1.1 919k YUSHCHENKOO04B ISTR — ,\’+, A”+,
fT fit
1 +14 + 9 41k SHIMIZU 00 SPEC + A_,_f,.fs, fr
1t

e o o We do not use the following data for averages, fits, limits, etc. o o @

211 83+ 26 550k 08 AJINENKO ~ 03CISTR — X, fs, fr
' fit
~ 45T 80 130k 108 AJINENKO 02 SPEC Ay, frfit
+ 9
53 T, *10 32k AKIMENKO 91 SPEC M. fs, f,
¢ fit
7 +37 2827 109 BRAUN 75 HLBC +
< 75 90 4017 CHIANG 72 OSPK +
+16 109
24 T19 2707 STEINER 71 HLBC + X, fs, fT,
¢ fit
< 58 90 BOTTERILL  68C ASPK
< 58 90 BELLOTTI 678 HLBC
< 110. 95 KALMUS 67 HLBC +

108 5 perseded by YUSHCHENKO 04B.
109 statistical errors only.

fs/f, FOR Kf; DECAY

Ratio of scalar to f+ couplings.

VALUE (units 1072) EVTS DOCUMENT ID TECN CHG COMMENT
0.174+0.1440.54 540k 110 YUSHCHENKOO04 ISTR — DP
e o o We do not use the following data for averages, fits, limits, etc. o o @
0.4 +0.5 4+0.5 112k 111 AJINENKO 03 ISTR — DP

110 The second error is the theoretical error from the uncertainty in the chiral perturbation
theory prediction for )\0, +0.0053, combined in quadrature with the systematic error
4+0.0009.

11 The second error is the theoretical error from the uncertainty in the chiral perturbation
theory prediction for \y. Superseded by YUSHCHENKO 04.

fr/f, FOR K5 DECAY

Ratio of tensor to f+ couplings.

VALUE (units 1072) EVTS DOCUMENT ID TECN CHG COMMENT
—0.07+ 0.71+0.20 540k YUSHCHENKOO04 ISTR — DP
o o o We do not use the following data for averages, fits, limits, etc. ® o o
—21 4+ 2.8 +1.4 112k 12 AJINENKO 03 ISTR — DP
2 +£12 1585 BRAUN 75 HLBC

112 The second error is the theoretical error from the uncertainty in the chiral perturbation
theory prediction for \y. Superseded by YUSHCHENKO 04.

DECAY FORM FACTORS FOR K* — ntr—ety,
Given in PISLAK 01, ROSSELET 77, BEIER 73, and BASILE 71c.
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DECAY FORM FACTOR FOR K — #0x0e%y
Given in BOLOTOV 868, BARMIN 88B, and SHIMIZU 04.

K* — ¢*y~ FORM FACTORS

For definitions of the axial-vector FA and vector Fy, form factor, see the

“Note on & — Ziu’y and KT — E:tz/fy Form Factors” in the 7+
section. In the kaon literature, often different definitions aK = FA/mK
and vy = Fy//my are used.

Fa + Fy, SUM OF AXIAL-VECTOR AND VECTOR FORM FACTOR FOR

K — evey

VALUE EVTS DOCUMENT ID TECN
0.148+0.010 OUR AVERAGE

0.147-+0.011 51 113 HEINTZE 79 SPEC
0.150 518 56 114 HEARD 75 SPEC

L3 HEINTZE 79 quotes absolute value of |FA + FV| sinf .. We use sinf . =V, = 0.2205.
114 HEARD 75 quotes absolute value of ’FA + FV’ sinf .. We use sinf . = V. =0.2205.

Fa + Fy, SUM OF AXIAL-VECTOR AND VECTOR FORM FACTOR FOR

K— pyv,y
VALUE CL% EVTS DOCUMENT ID TECN CHG
0.165:0.0070.011 2588 115 ADLER 008 B787 +
o o o We do not use the following data for averages, fits, limits, etc. ® o o
—12 tol.l 90 DEMIDOV 90 XEBC
< 0.23 90 115 AKIBA 85 SPEC

115Quo’ces absolute value. Sign not determined.

Fa — Fy, DIFFERENCE OF AXIAL-VECTOR AND VECTOR FORM FAC-
TOR FOR K — evey

VALUE EVTS DOCUMENT ID TECN
<0.49 90 6 HEINTZE 79 SPEC

L6 HEINTZE 79 quotes |[Fy — Fy/| < VI |Fq + Fy|-

Fa — Fy, DIFFERENCE OF AXIAL-VECTOR AND VECTOR FORM FAC-
TORFOR K — py,~y

VALUE CL% EVTS DOCUMENT ID TECN CHG
—0.24 to 0.04 90 2588 ADLER 00B B787 +

e o o We do not use the following data for averages, fits, limits, etc. o o @
—2.2 to0.6 90 DEMIDOV 90 XEBC

—25 to0.3 90 AKIBA 85 SPEC
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K* CHARGE RADIUS

VALUE (fm) DOCUMENT ID COMMENT

0.560+0.031 OUR AVERAGE

0.580+0.040 AMENDOLIA 86B Ke — Ke

0.530+£0.050 DALLY 80 Ke — Ke

o o o We do not use the following data for averages, fits, limits, etc. ® o o
0.620+0.037 BLATNIK 79 VMD + dispersion relations

CP VIOLATION TESTS IN K+ AND K~ DECAYS

+ —
A(KE )= FKY,)-T(KD )
mup! T r(KE rK-
VALUE DOCUMENT ID TECN
—0.02+0.1140.04 PARK 02 HYCP

T VIOLATION TESTS IN Kt AND K~ DECAYS

Prin Kt - nOuty,
T-violating muon polarization. Sensitive to new sources of CP violation beyond the
Standard Model.

VALUE (units 1073) EVTS DOCUMENT ID TECN CHG
—1.7+2.3+1.1 117 ABE 04F K246 +

o o o We do not use the following data for averages, fits, limits, etc. ® o o
—4.24+4.9+0.9 3.9M ABE 99s K246 +

117 Includes three sets of data: 96-97 (ABE 99s), 98, and 99-00 totaling about three times
the ABE 995 data sample. Corresponds to P~ < 5.0 x 10—3 at 90% CL.

H + +
Prin K™ = pTy,y . -
T-violating muon polarization. Sensitive to new sources of CP violation beyond the
Standard Model.
VALUE (units 1072) EVTS DOCUMENT ID TECN CHG

—0.64+1.85+0.10 114k 118 ANISIMOVSK..03 K246 +

118 Muons stopped and polarization measured from decay to positrons.

Im(¢) in K¥ — 7%ut* v, DECAY (from transverse u pol.)

Test of T reversal invariance.

VALUE EVTS DOCUMENT ID TECN CHG COMMENT
—0.006 +=0.008 OUR AVERAGE

—0.0053+0.0071 +0.0036 119 ABE 04F K246 +

—0.016 +0.025 20M CAMPBELL 81 CNTR + Pol.

e o o We do not use the following data for averages, fits, limits, etc. o o @

—0.013 +0.016 4+0.003 3.9M ABE 99s CNTR + PT KT at rest

119 |hcludes three sets of data: 96-97 (ABE 99s), 98, and 99-00 totaling about three times
the ABE 99S data sample. Corresponds to Im(£) < 0.016 at 90% CL.
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AMBROSINO  06A
BATLEY 06
BATLEY 06B
MA 06
SHIMIZU 06
UVAROV 06

AKOPDZHAN...05
Also

AKOPDZHAN...05B

ARTAMONOV 05
CABIBBO 05

SHER 05

ABE 04F
Also

ADLER 04

ALOISIO 04A

ANDRE 04

ANISIMOVSK... 04
CABIBBO 04A
CIRIGLIANO 04
SHIMIZU 04
YUSHCHENKO 04
YUSHCHENKO 04B
AJINENKO 03

AJINENKO 03B

AJINENKO 03C
ALIEV 03
ANISIMOVSK... 03
PISLAK 03
SHER 03
ADLER 02
ADLER 02B
ADLER 02C

AJINENKO 02
CIRIGLIANO 02

PARK 02
PDG 02
POBLAGUEV 02
ADLER 01
HORIE 01
PISLAK 01

Also
ADLER 00
ADLER 00B
ADLER 00C
APPEL 00

Also

Also
APPEL 00B
MA 00
PDG 00
SHIMIZU 00
ABE 99S
APPEL 99
ADLER 98
BATUSOV 98
ADLER 97
ADLER 97C

BERGMAN 97

KITCHING 97
PISLAK 97
ADLER 96
KOPTEV 95

K* REFERENCES

PL B632 76
PL B634 474
PL B633 173
PR D73 037101
PL B633 190
PAN 69 26
EPJ C40 343
PAN 68 948

F. Ambrosino et al.
J.R. Batley et al.
J.R. Batley et al.
H. Ma et al.

S. Shimizu et al.
V.A. Uvarov et al.

G.A. Akopdzhanov et al.
G.A. Akopdzhanov et al.

Translated from YAF 68 986.

JETPL 82 675

Translated from ZETFP 8

PL B623 192
JHEP 0503 021
PR D72 012005
PRL 93 131601
PR D73 072005
PR D70 037102
PL B597 139
hep-ph /0406006
PRL 93 031801
PRL 93 121801
EPJ C35 53
PR D70 037101
PL B581 31
PL B589 111
PAN 66 105

G.A. Akopdzhanov et al.

2 771,

A.V. Artamonov et al.

N. Cabibbo, G. Isidori
A. Sher et al.

M. Abe et al.

M. Abe et al.

Adler et al.

. Aloisio et al.

. Andre

V.V. Animovsky et al.
N. Cabibbo

—H> w0

V. Cirigliano, H. Neufeld, H. Pichl

S. Shimizu et al.

O.P. Yushchenko et al.
O.P. Yushchenko et al.

L.V. Ajinenko et al.

Translated from YAF 66 107.

PL B567 159
PL B574 14
PL B554 7

PL B562 166
PR D67 072004
PRL 91 261802
PRL 88 041803
PR D65 052009
PL B537 211
PAN 65 2064

L.V. Ajinenko et al.
L.V. Ajinenko et al.
M.A. Aliev et al.

V.V. Anisimovsky et al.

S. Pislak et al.
A. Sher et al.
S. Adler et al.
S. Adler et al.
S. Adler et al.
L.V. Ajinenko et al.

Translated from YAF 65 2125.

EPJ C23 121
PRL 88 111801
PR D66 010001
PRL 89 061803
PR D63 032004
PL B513 311
PRL 87 221801
PR D67 072004
PRL 84 3768
PRL 85 2256
PRL 85 4856
PRL 85 2450
Thesis, Yale Univ.
Thesis, Univ. Zurich
PRL 85 2877
PRL 84 2580
EPJ C15 1

PL B495 33

PRL 83 4253
PRL 83 4482

PR D58 012003
NP B516 3

PRL 79 2204
PRL 79 4756
Thesis, Yale Univ.
PRL 79 4079
Thesis, Univ. Zurich
PRL 76 1421
JETPL 61 877

V. Cirigliano et al.
H.K. Park et al.
K. Hagiwara et al.
A.A. Poblaguev et al.
. Adler et al.

. Horie et al.

. Pislak et al.
Pislak et al.
Adler et al.

. Adler et al.

. Adler et al.

. Appel et al.
D.R. Bergman

S. Pislak

R. Appel et al.

H. Ma et al.

D.E. Groom et al.
S. Shimizu et al.
M. Abe et al.

R. Appel et al.

S. Adler et al.
V.Y. Batusov et al.
S. Adler et al.

S. Adler et al.
D.R. Bergman

P. Kitching et al.
S. Pislak

S. Adler et al.
V.P. Koptev et al.

TLOLOLLOLOLVXWL

Translated from ZETFP 61 865.
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(KLOE Collab.

(CERN NA48/2 conab.g
(CERN NA48/2 Collab.)
)
)

(BNL E865 Collab.
(KEK E470 Collab.
(ISTRA+ Collab.)
(IHEP

(IHEP

(IHEP
(BNL E949 Collab.

(CERN, ROMAI, FRAS

)
)
)
)
)
(BNL E865 Collab.)
(KEK E246 Collab.)
(KEK E246 Collab.)
(BNL E787 Collab.)
(KLOE Collab.)
(EFI)

(BNL E949 Collab.)
(CERN, ROMAI)
(CIT, VALE+)
(KEK E470 Collab.)
(INRM, INRM)
(INRM)

(IHEP, INRM)

)

)

)

(IHEP, INRM
(IHEP, INRM
(KEK E470 Collab.

(BNL E865 Collab.)
(BNL E865 Collab.)
(BNL E787 Collab.)
(BNL E787 Collab.)
(BNL E787 Collab.)
(IHEP, INRM)

)

)

(VIEN, VALE, MARS

(FNAL HyperCP Collab.

(BNL 865 Collab.)
(BNL E787 Collab.)
(KEK E426 Collab.)
(BNL E865 Collab.)
(BNL E865 Collab.)
(BNL E787 Collab.)
(BNL E787 Collab.)
(BNL E787 Collab.)

(BNL 865 Collab.)

(BNL 865 Collab.)
(BNL 865 Collab.)

(KEK E246 Collab.)
(KEK E246 Collab.)

(BNL 865 Collab.)
(BNL E787 Collab.)

(BNL E787 Collab.)
(BNL E787 Collab.)
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